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IMPORTANCE  OF  POTATO  DISEASES 

The  potato  industry  consists  of  two  specialized  branches,  namely  the 
production  of  seed  potatoes  and  the  production  of  table  stock.  This 
circular,  which  is  prepared  exclusively  for  the  use  of  seed-potato 
growers,  covers  the  information  on  the  production  of  disease-free 
seed  stock.1 


1  For  a  discussion  of  diseases  important  primarily  to  growers  of  table  stock  and 
not  mentioned  herein,  the  reader  is  referred  to  Farmers'  Bulletin  1881,  Potato 


Diseases  and  Their  Control. 
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Potatoes  are  subject  to  many  diseases,  which  are  due  mainly  to 
parasites  and  nonparasitic  agencies.  The  parasites  involved  are 
fungi,  bacteria,  and  viruses.  Practically  all  of  these  diseases  are 
carried  over  in  or  on  the  tuber,  and  for  this  reason  the  production  of 
disease-free  seed  stock  assumes  much  greater  importance  than  in  the 
case  of  the  crops  that  are  propagated  exclusively  by  true  seed. 

The  successful  seed-potato  grower  should  be  able  to  distinguish 
potato  diseases  by  their  symptoms;  he  should  be  familiar  with  their 
means  of  spread  and  transmission  and  should  know  something  about 
the  habits  of  the  causal  organisms.  Such  knowledge  will  help  him  to 
select  and  modify  the  control  measures  recommended  to  suit  his 
particular  conditions.  So  that  his  crop  may  meet  the  disease-toler- 
ance standards  of  foundation  seed  stock  or  of  certified  seed  the 
grower  should  follow  certain  recommended  procedures.  Control  is 
based  upon  prevention,  not  cure.  If  a  potato  plant  is  affected  with 
a  disease,  it  cannot  be  cured;  but  the  spread  of  the  disease  can  be 
reduced  by  such  measures  as  spraying,  seed  treatment,  and  roguing. 

The  seriousness  of  diseases  depends  upon  the  locality.  Their 
development  and  spread  are  largely  influenced  by  environmental 
conditions  such  as  temperature  and  humidity.  Late  blight,  for 
instance,  would  cause  crop  failures  in  the  North  Atlantic  States  if  it 
were  not  properly  controlled,  but  because  of  the  climatic  conditions 
it  is  generally  of  minor  importance  in  the  Middle  West  and  the  Pacific 
Coast  States.  Brown  rot  (also  known  as  southern  bacterial  wilt) 
is  found  in  the  South,  but  it  occurs  only  as  far  north  as  Ohio  and 
Illinois.  Under  high  temperatures  the  symptoms  of  some  virus 
diseases  are  masked,  making  it  impossible  to  detect  infected  plants 
and  to  remove  them.  For  this  reason  potatoes  grown  for  seed  must 
be  planted  in  the  Northern  States  or  at  high  elevations  farther  south. 

DEVELOPMENT  OF  SEED-POTATO  CERTIFICATION 

In  1914  a  seed-potato-certification  program  was  started  in  this 
country.  This  marked  the  beginning  of  the  seed-potato  industry. 
Since  that  time  this  industry  has  expanded  greatly  in  scope,  as  at- 
tested by  the  fact  that  44.3  million  bushels  of  certified  seed  potatoes 
were  produced  in  1947.  This  seed  crop  exceeded  by  4  percent  the 
previous  record  crop  of  42.4  million  bushels  in  1946  and  was  more 
than  twice  the  10-year  average  (1936-45)  of  20.3  million  bushels.  The 
quality  of  seed  potatoes  has  improved  greatly  since  1914.  This  im- 
provement was  made  possible  by  the  additional  knowledge  gained 
in  methods  of  control  of  disease  by  tuber  indexing,  by  the  use  of 
tuber-unit  planting,  by  early  harvesting,  and  by  the  enforcement  of 
more  rigid  standards  by  the  certification  agencies. 

In  practically  every  State  where  seed  potatoes  are  grown,  a  seed- 
certification  agency  exists.  It  may  be  the  extension  service,  the 
board  of  agriculture,  the  horticultural  inspector,  or  the  State  potato 
growers'  association,  depending  upon  the  policy  of  the  State  concerned. 
Several  weeks  before  the  date  of  inspection  the  grower  who  desires 
to  register  his  field  for  certification  generally  sends  an  application 
blank  properly  filled  out  to  the  certification  agency  or  to  the  agent  of 
the  county  in  which  the  field  is  located. 

During  the  last  few  years  more  attention  has  been  given  to  the 
growing  of  foundation  seed  stocks.     Such  stocks  are  used  for  the 


growing  of  certified  seed;  every  precaution  is  taken  to  limit  the  num- 
ber of  diseased  plants  in  these  stocks  to  an  irreducible  minimum.  The 
requirements  for  the  growing  of  foundation  seed  vary  slightly  in 
different  States,  but  in  general  all  fields  have  to  comply  with  the 
following  requirements:  In  order  to  be  eligible  for  certification  as 
foundation  seed,  the  tubers  must  be  planted  in  isolated  plots  as  tuber 
units  and  rogued  early  and  effectively ;  where  aphids  are  apt  to  be 
abundant  late  in  the  season  the  crop  must  also  be  early  harvested. 
The  requirements  for  disease  tolerance  vary  slightly  in  different 
States  from  a  total  of  not  more  than  2  percent  to  a  fraction  of  1  per- 
cent. Foundation  seed  stock  must  be  grown  under  good  cultural 
conditions,  and  the  field  must  be  kept  free  from  weeds.  In  the  field 
and  in  subsequent  storage  the  crop  must  be  kept  under  the  direct 
control  of  the  grower.  All  foundation  seed  potatoes  must  be  marketed 
in  new  bags,  and  when  they  are  stored  in  sacks  these  too  must  be  new. 
A  sample  of  each  seed  lot  is  generally  grown  in  an  official  seed-source 
test  plot  in  one  of  the  Southern  States  or  as  tuber  indexes  in  the 
greenhouse. 

In  growing  certified  seed  potatoes  the  source  of  the  seed  is  important 
and  is  so  considered  in  approving  fields  for  certification.  The  regula- 
tions vary  somewhat  in  different  States;  but  generally  the  certifica- 
tion board  insists  that  acceptable  stock  must  be  from  foundation  seed 
stock  grown  in  the  same  State  or  that  if  out-of-State  foundation  seed 
stock  is  used  it  must  meet  the  requirements  of  the  certification  board. 
The  plots  must  be  sufficiently  isolated  from  potatoes  of  less  than 
certified  grade.  Recommended  cultural  and  sanitary  practices  must 
be  followed.  The  total  disease  tolerance  is  about  5  to  6  percent  and 
that  for  ring  rot  is  zero. 

The  first  inspection  is  generally  made  as  early  as  it  is  possible  to 
identify  the  diseases;  the  second  inspection  is  made  between  the  time 
of  blossoming  and  the  period  just  before  the  vines  mature.  The  field 
inspection  is  generally  supplemented  by  a  bin  inspection  to  determine 
the  amount  of  common  scab,  rhizoctonia  canker,  stem-end  discolora- 
tion, rots,  and  other  diseases  that  cannot  be  detected  in  the  field. 

If  the  grower  is  dissatisfied  with  the  ruling  of  the  inspector,  generally 
he  may  appeal  the  decision  of  the  inspector  in  writing  to  the  seed-cer- 
tification board  of  his  State.  Ordinarily  such  appeal  must  be  received 
within  1  week  after  the  inspection  and  must  state  clearly  the  reason 
for  the  appeal  and  show  why  a  reinspection  should  be  made.  Roguing 
or  sorting  is  not  permitted  between  the  inspection  and  the  examination 
after  the  appeal.  Upon  the  recommendation  of  the  inspector  a  given 
lot  of  potatoes  must  be  tested  in  a  seed-source  test  plot  in  the  South 
before  such  lot  will  be  accepted  for  reinspection. 

The  percentage  of  the  acreage  rejected  for  certification  varies  in 
different  States,  but  it  averages  about  30  percent.  Failure  to  meet 
requirements  is  due  mainly  to  prevalence  of  virus  diseases  and  ring 
rot.  The  States  which  have  made  the  most  rapid  progress  in  reducing 
the  percentage  of  acreage  rejected  for  certification  are  those  that  have 
stressed  the  foundation-seed  program.  One  State  reported  that  95 
percent  of  the  seed  acreage  entered  in  1945  was  planted  with  founda- 
tion seed  stock. 

The  continuous  improvement  of  seed-certification  requirements  is 
doing  much  to  improve  the  quality  of  seed  potatoes  and  to  reduce 
greatly  the  losses  from  disease. 


CROP  ROTATION,  A  GENERAL  CONTROL  MEASURE 

As  a  number  of  disease-producing  organisms  live  over  in  the  soil  after 
the  digging  of  potatoes  it  is  advisable  to  rotate  potatoes  with  non- 
susceptible  crops  so  as  to  eliminate  or  reduce  the  potato-infecting 
organisms  by  starvation.  This  method  is  especially  applicable  to 
such  diseases  as  rhizoctonia  canker  and  fusarium  or  verticillium  wilt. 
Some  of  the  organisms  producing  disease  in  potatoes,  however,  can 
remain  in  the  soil  for  more  than  3  years.  Whenever  it  can  be  arranged, 
it  is  best  to  grow  potatoes  on  the  same  land  not  oftener  than  once 
every  4  or  5  years  and  in  the  meantime  to  plant  crops  not  affected  by 
potato  parasites.  Some  disease-producing  organisms  that  live  in  the 
soil  are  not  eradicated  by  crop  rotation,  but  the  amount  of  infection 
may  be  greatly  reduced  by  this  method. 

USING  SEED  PLOTS  TO  OBTAIN  FOUNDATION  STOCK 

Control  of  virus  diseases  can  be  accomplished  most  effectively  by 
the  use  of  a  seed  plot.  It  is  recommended  that  a  grower  of  seed  pota- 
toes set  aside  a  seed  plot  of  about  one-tenth  his  total  acreage;  this 
should  be  separated  from  other  potato  plantings  by  at  least  500  feet  in 
order  to  reduce  the  danger  of  insects  carrying  viruses  from  such  fields 
to  the  seed  plot.  He  can  afford  the  time  and  work  required  to  control 
seed-borne  diseases  in  a  small  seed  plot,  but  it  would  be  much  more  dif- 
ficult to  do  the  same  thing  in  a  large  field  and  in  many  cases  it  would 
be  impractical.  If  every  precaution  has  been  taken  to  rogue  the  plants 
in  the  seed  plot  effectively  and  to  remove  the  rogued,  diseased  plants 
to  a  safe  distance  from  the  plot,  it  will  not  be  necessary  to  do  much 
roguing  in  the  main  seed-potato  field  the  following  year. 

All  the  plants  in  the  seed  plot  that  are  diseased,  weak,  or  offtype, 
belong  to  another  variety,  or  are  undesirable  in  any  other  way  should 
be  rogued  during  the  growing  season;  roguing  should  be  done  as  early 
as  diseases  can  be  detected.  It  is  very  important  that  the  entire 
rogued  plant  be  placed  in  a  closed  container  with  a  minimum  of 
shaking  so  that  aphids  on  it  will  not  be  shaken  off.  If  tubers  have 
set,  special  care  is  necessary  to  remove  all  tubers  with  the  diseased 
plant.  After  the  container  is  filled,  the  rogued  plants  should  be  dis- 
posed of  at  a  distance  of  at  least  500  feet  from  the  seed  plot  to  prevent 
any  aphids  on  the  diseased  plants  from  flying  to  healthy  ones  and 
infecting  them  with  a  virus.  If  the  rogued  plants  are  not  placed  in  a 
closed  container  but  are  merely  left  in  the  field  in  the  rows,  aphids  will 
move  from  them  to  healthy  plants  and  transmit  diseases.  It  would 
be  better  not  to  rogue  at  all  than  to  leave  the  rogues  in  the  field. 

In  areas  where  aphids  are  abundant  late  in  the  growing  season,  it 
may  be  necessary  to  supplement  roguing  by  early  harvesting.  It  has 
been  known  for  some  time  that  considerably  fewer  virus  diseases  are 
present  in  seed  potatoes  that  are  harvested  before  aphids  are  abun- 
dant (p.  9). 

After  diseased  and  offtype  plants  are  rogued,  only  the  more  desirable 
plants  will  be  left  to  mature  and  furnish  tubers  for  seed.  This  pro- 
vides a  simple  but  effective  plan  for  continuous  improvement  of  the 
seed  potatoes.  In  a  few  years,  if  this  practice  is  combined  with 
proper  crop  rotation  and  seed  disinfection,  most  of  the  tuber-borne 
diseases  will  be  reduced  to  a  negligible  quantity. 

Sufficient  tubers  from  this  seed  plot,  known  as  foundation  seed, 
should  be  planted  the  following  year  in  a  seed  plot  and  subjected 
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to  rigorous  roguing  as  previously  described.  The  remainder  will  be 
planted  to  produce  certified  seed  potatoes  in  the  general  field  either 
as  isolated  tuber  units  or  as  a  mass  plot,  depending  upon  the  amount 
of  virus  diseases  present  in  the  seed  stock.  If  every  effort  has  been 
exerted  to  maintain  the  seed  free  from  disease  in  the  plot,  very  little 
roguing  should  be  required  in  the  general  field. 

METHODS   OF  ELIMINATING   DISEASES   FROM   SEED 

STOCK 

Seed  selection  is  one  of  the  most  important  means  of  avoiding  virus 
and  certain  other  diseases  in  potatoes.  It  is  recognized,  however, 
that  there  is  a  limit  beyond  which  improvement  in  type  or  increase 
in  yield  cannot  be  obtained  by  mere  selection.  Apparently  the  most 
that  can  be  accomplished  is  to  maintain  normal  performance.  The 
control  of  disease  is  by  far  the  most  important  factor  in  the  mainte- 
nance of  normal  yield.  Seed  selection  is  therefore  carried  out  in 
such  a  manner  as  to  give  the  greatest  measure  of  disease  control. 
Five  methods  may  be  used  to  obtain  desirable  seed  potatoes  for  plant- 
ing in  seed  plots:  (1)  Tuber  indexing,  (2)  planting  in  tuber  units, 
(3)  mass  roguing,  (4)  hill  selection,  and  (5)  early  harvesting.  By  the 
use  of  these  methods  the  yield  and  vigor  of  the  crop  usually  can  be 
improved  to  such  an  extent  as  to  much  more  than  offset  the  added 
expense  of  labor  to  carry  out  such  a  program. 

Tuber  Indexing 

Tuber  indexing  is  the  most  effective  method  of  eliminating  diseased 
potato  tubers  from  seed  stock  intended  for  planting  in  the  seed  plot. 
It  involves  the  numbering  of  all  tubers  and  removing  from  each  a 
seed  piece  containing  one  eye.  This  seed  piece  is  given  the  same 
number  as  the  tuber  from  which  it  was  taken  and  is  planted  well  before 
field  planting  to  determine  whether  the  tuber  is  healthy.  All  tubers 
detected  as  diseased  by  the  performance  of  the  indexes  are  discarded 
(fig.  1,  B)  and  only  the  healthy  ones  are  kept  for  planting  in  the  seed 


Figure  1. — Two  index  potato  plants  each  growing  from  an  eye  of  a  tuber: 
A,  Healthy  plant;  B,  plant  showing  leaf  roll.  The  tuber  from  which 
the  plant  in  B  came  will  be  discarded,  but  the  other  tuber  will  be 
retained  and  planted  as  a  unit  in  a  seed  plot. 
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plot.  Where  facilities  are  available  for  doing  the  work  effectively, 
this  is  undoubtedly  the  most  nearly  ideal  method  now  known  for 
controlling  virus  diseases  of  potato.  However,  this  method  is  not 
well  suited  for  the  elimination  of  spindle  tuber,  as  this  disease  is 
rather  difficult  to  detect. 

The  best  method  of  handling  the  mother  tubers  from  which  the 
index  sets  have  been  removed  is  to  hold  them  for  10  days  to  2  weeks 
in  moist  air  at  a  temperature  of  60°  to  75°  F.;  then  they  may  be  held 
at  40°  to  45°  until  planting  time.  The  higher  temperature  and  rela- 
tively high  humidity  favor  thorough  healing  of  the  cut  surfaces. 

In  the  North  tuber  indexing  is  limited  to  the  greenhouse  (fig.  2). 
However,  it  is  possible  for  northern  potato  growers  to  practice  out- 
door tuber  indexing  by  sending  the  indexes  from  the  numbered 
tubers  to  southern  New  Jersey,  the  Eastern  Shore  of  Maryland, 
Virginia,  or  practically  any  Southern  State,  to  be  planted  in  the  open 
field  after  being  properly  labeled.  By  having  such  work  done  in  the 
far  South,  it  is  possible  to  grow  the  indexed  set  and  take  readings  of 
disease  symptoms  before  the  normal  planting  time  in  the  North.  At 
the  usual  planting  time  the  tubers  found  to  be  free  from  disease  are 
planted  as  tuber  units  in  a  seed  plot.  It  is  then  easy  to  identify 
diseases  in  the  plant  growing  from  infected  tubers  that  may  have 
escaped  observation  previously.  From  this  point  in  the  process  the 
practices  are  the  same  as  those  outlined  under  Planting  in  Tuber 
Units  (p.  7). 

Tuber  indexing  of  potatoes  for  the  improvement  of  foundation  seed 
stock  has  been  practiced  by  some  of  the  commercial  seed  companies 
with  very  satisfactory  results.  In  many  cases,  however,  the  careful 
grower  of  seed  stock  can  get  nearly  as  good  results  by  the  proper 


Figure  2. — Tuber  indexes  of  potatoes  growing  in  a  greenhouse.  Each 
pot  contains  a  plant  grown  from  one  eye  of  a  tuber.  On  the  label  in 
each  pot  is  a  number  that  corresponds  to  the  number  of  the  tuber  from 
which  the  eve  was  taken.  If  the  indexed  plant  shows  infection  with  a 
virus,  the  corresponding  tuber  is  discarded.  Tubers  indexed  as  healthy 
are  planted  in  an  isolated  plot  in  tuber  units  to  facilitate  roguing. 
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handling  of  a  seed  plot  planted  in  tuber  units  and  early  harvesting. 
On  most  farms  this  type  of  plot  and  procedure  is  much  more  practical 
than  tuber  indexing. 

Planting  in  Tuber  Units 

There  are  several  satisfactory  ways  of  planting  the  tubers  in  units. 
The  essential  thing  is  to  plant  all  the  sets  from  each  tuber  together  in  a 
row,  so  separated  from  the  sets  of  the  next  tuber  or  so  marked  as  to 
permit  ready  and  accurate  recognition  of  each  tuber.  A  common 
practice  is  to  select  from  the  bin  of  seed  potatoes  well-shaped  tubers 
ranging  from  6  to  8  ounces.  These  are  cut  into  four  pieces  and  planted 
about  15  inches  apart  in  the  row;  one  space  is  left  unplanted  so  that 
there  is  a  30-inch  space  between  units.  When  thus  spaced,  the  units 
can  be  identified  accurately  during  growth  and  all  the  plants  can  be 
removed  if  any  in  a  unit  is  affected  with  a  virus  disease.  If  one 
seed  piece  gives  a  plant  affected  with  a  virus  disease,  it  is  best  to 
remove  all  the  seed  pieces  from  that  unit  even  though  some  of  them 
may  not  be  up,  for  usually  all  are  affected  alike. 

Planting  the  plot  in  tuber  units  enables  the  grower  to  recognize  dis- 
eased plants  more  readily  and  permits  roguing  to  be  done  earlier  and 
more  accurately  than  is  possible  with  other  methods.  This  gives  con- 
ditions that  are  the  most  favorable  for  the  control  of  virus  diseases  by 
field-plot  methods.  By  leaving  additional  space  between  units  of  four, 
the  units  are  definitely  isolated  and  the  grower  can  readily  observe 
the  presence  of  diseases  and  compare  variation  in  vigor  and  uniformity 
among  the  various  units.  It  is  easier  to  detect  disease  when  the  seed 
pieces  from  each  tuber  are  thus  grouped  and  late-growing  seed  pieces 
can  be  removed  before  they  are  up,  if  the  more  advanced  sister  hills 
in  the  same  tuber  unit  show  disease  symptoms.  Experiments  have 
conclusively  demonstrated  that  tuber-unit  roguing  is  much  more  ef- 
fective than  mass  roguing  (p.  8). 

There  are  different  methods  of  planting  a  plot  in  tuber  units.  Use 
has  been  made  of  a  two-man  planter.  The  seed  tubers  are  quartered, 
and  the  four  sets  from  each  tuber  are  placed  in  a  can  of  suitable  size. 
Several  cans,  each  containing  the  sets  from  one  tuber,  are  mounted 
on  a  special  rack,  placed  on  the  planting  machine  over  the  regular 
hopper.  In  planting,  the  operator  picks  up  a  can,  pours  the  sets  onto 
the  revolving  plate,  and  places  one  seed  piece  in  each  of  four  consecu- 
tive openings.  He  returns  the  empty  can  to  the  rack  and  repeats  the 
operation.  One  opening  on  the  plate  is  left  vacant  between  units 
to  give  proper  separation  of  the  units  on  the  ground.  Extra  racks 
and  cans  are  provided  so  that  the  only  delay  occasioned  in  reloading 
the  machine  is  the  time  necessary  to  change  racks.  By  operating  with 
a  slow,  steady  team,  the  planting  can  be  done  with  few  extra  stops 
or  delays  (fig.  3). 

Another  machine  method  was  developed  by  a  grower  in  New  York. 
According  to  this  method  the  selected  whole  tubers  are  placed  in  the 
regular  hopper,  but  the  attachment  for  dropping  the  tubers  from  the 
hopper  is  removed.  An  extra  operator  sits  on  the  machine,  facing 
backward,  picks  up  a  tuber  from  the  hopper,  cuts  it  into  four  seed 
pieces,  and  places  them  one  tuber  at  a  time  in  the  reservoir  at  the  side 
of  the  revolving  space  and  dropping  wheel.  He  places  the  cut  tubers 
first  on  one  side  and  then  on  the  other  so  that  he  always  has  one  tuber 
cut  and  ready  for  the  planter.     The  operator,  sitting  at  the  rear  of  the 


Figure  3. — A  two-man  planter  converted  to  handle  tuber  units. 

machine,  picks  up  the  seed  pieces  from  a  single  tuber  and  places  them 
in  four  consecutive  openings  of  the  revolving  planter  plate.  One 
opening  is  left  between  units. 

The  following  method  is  used  with  some  success  by  growers  in 
Maine:  The  potato  planter  opens  the  row  and  at  the  same  time  places 
the  fertilizer;  a  wheel  with  knobs  placed  on  the  rim  at  regular  intervals 
to  mark  the  place  for  each  seed  piece  is  attached  to  the  rear  of  the 
planter.  Men  follow  the  machine  and  cut  each  tuber  into  four  pieces, 
which  are  planted  by  hand  in  a  unit  of  four.  The  planted  rows  are 
later  covered  by  a  horse  hoe. 

Many  growers  believe  that  hand  planting  gives  more  uniform  plants 
than  any  kind  of  machine  planting,  so  that  commercial  plantings  of 
tuber  units  up  to  150  acres  have  been  so  made.  A  convenient  way 
of  planting  tuber  units  by  hand  is  to  cut  each  tuber  with  two  cuts 
at  right  angles  to  each  other,  so  that  the  four  sets  will  hang  together. 
These  tubers  are  then  laid  in  boxes  that  can  be  dragged  or  carried 
along  the  open  furrows.  The  tuber  is  picked  up  and  easily  broken 
apart,  and  the  seed  pieces  are  spaced  about  12  inches  apart  in  the 
furrow  with  24-inch  spacing  between  units. 

Mass  Roguing 

In  the  mass  roguing  of  seed  plots  the  tubers  are  planted  at  random, 
either  as  whole  or  as  cut  seed.  As  soon  as  the  plants  are  high  enough 
that  the  disease  symptoms  can  be  recognized,  the  diseased  plants  and 
the  seed  pieces  are  removed.  As  soon  as  pulled  these  are  placed  in  a 
sack  or  other  closed  container  to  prevent  the  escape  of  disease-carrying 
insects  and  are  disposed  of  at  a  distance  of  at  least  500  feet  from  the 
seed  plot.  Effective  roguing  by  this  method  has  proved  to  be  very 
difficult.     Experiments  have  shown  that  in  the  tuber-unit  plot  practi- 


cally  all  the  diseased  plants  are  removed  in  the  first  roguing,  whereas 
in  the  mass  plot  many  individual  plants  are  too  small  to  show  disease 
symptoms  and  cannot  be  removed  before  the  second  or  third  roguing. 
The  mass-roguing  method,  therefore,  is  not  recommended. 

Hill  Selection 

Hill  selection  consists  in  marking  the  most  promising  healthy  plants 
during  the  growing  season  and  in  saving  only  the  progeny  from  those 
showing  the  desired  vigor  and  stem  characters  thought  to  be  correlated 
with  productiveness,  trueness  to  type,  and  uniformity  in  size  of  tubers. 

Selecting  only  apparently  healthy  hills  from  a  field  where  virus 
diseases  are  present  may  result  in  reducing  these  diseases  to  some  extent 
the  following  year,  but  this  method  is  entirely  inadequate  as  an  effec- 
tive means  of  controlling  virus  diseases  of  potato.  In  a  test  carried  on 
in  Oregon  one  tuber  from  each  hill  selected  as  healthy  was  grown  as  an 
index  before  field  planting.  It  was  found  that  15  percent  of  the  hills 
that  looked  healthy  were  definitely  infected  with  rugose  mosaic. 
These  hill  lots  were  discarded,  but  when  the  hills  supposedly  healthy 
were  planted  in  the  field  it  was  found  that  8.5  percent  of  the  plants 
were  still  infected  with  rugose  mosaic.  This  is  explained  by  the  fact 
that  when  a  plant  is  infected  late  in  the  season  no  symptoms  may  be 
evident;  part  of  the  tubers  of  such  a  plant  may  be  diseased  and  the 
remainder  healthy.  For  these  reasons  hill  selection  is  not  recom- 
mended as  a  satisfactory  method  for  obtaining  disease-free  tubers,  but 
it  is  probably  better  than  no  selection  at  all. 

Early  Harvesting 

Control  by  early  harvesting  has  recently  assumed  considerable 
importance.  This  consists  in  killing  or  removing  the  tops  and  digging 
the  tubers  early  in  the  growing  season  before  viruses  that  are  intro- 
duced into  the  foliage  by  insects  have  had  time  to  reach  the  tubers. 

It  has  been  known  for  some  time  that  fewer  seed  potatoes  are  af- 
fected with  virus  diseases  if  they  are  harvested  before  aphids  are 
abundant.  Recent  9-year  experiments  in  Maine  showed  that  when 
potatoes  were  harvested  between  July  25  and  August  7,  no  spread  of 
viruses  took  place  in  6  of  the  9  years  and  the  spread  amounted  to  less 
than  1  percent  in  the  other  3  years.  In  1940  only  0.08  percent  of  the 
tubers  harvested  in  July  had  virus  diseases,  but  35  percent  of  those 
harvested  from  the  same  field  on  September  20  had  mosaic  and  33 
percent  had  leaf  roll.  In  1941  the  potatoes  harvested  on  July  31  had 
no  mosaic  or  leaf  roll;  of  those  harvested  on  August  8  only  0.9  percent 
had  leaf  roll,  but  20  percent  of  those  harvested  on  September  24  had 
mosaic  and  30  percent  had  leaf  roll. 

Even  though  seed  potatoes  are  to  be  harvested  early,  the  plot  should 
be  planted  as  tuber  units  and  every  precaution  should  be  taken  to 
have  the  plots  well  isolated  from  potato  fields  infected  with  virus. 
The  plot  should  be  thoroughly  rogued  for  virus  diseases  as  early  as 
possible.  The  diseased  plants  should  be  dropped  at  once  into  an 
insectproof  bag  and  carried  from  the  seed  plot  before  they  wilt  because 
aphids  leave  the  wilted,  diseased  plants  and  infect  the  healthy  ones. 

One  of  the  objections  to  early  harvesting  is  that  when  the  tubers  are 
dug  while  the  vines  are  green  a  large  part  of  the  crop  may  be  lost  from 
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late  blight  tuber  rot  if  the  plants  have  even  a  trace  of  this  disease  on 
the  foliage.  In  order  to  avoid  late  blight  infection  it  is  therefore  im- 
perative that  the  vines  of  the  early-harvested  seed  plots  be  pulled  by 
hand  before  the  tubers  are  harvested  or  that  a  herbicide  be  used  to 
kill  the  vines.  Spraying  with  Sinox  solution  prepared  by  dissolving 
2  gallons  of  Sinox  and  10  pounds  of  ammonium  sulfate  in  100  gallons 
of  water,  at  the  rate  of  about  135  gallons  per  acre,  will  kill  the  potato 
tops  rapidly;  drying  becomes  evident  a  few  hours  after  the  material 
has  been  applied.  If  some  late  blight  infection  is  present  it  is  ad- 
visable to  delay  digging  the  tubers  a  few  weeks  after  the  tops  are 
killed  so  that  any  of  the  spores  that  may  be  present  in  the  top  layer 
of  the  soil  will  germinate  and  die  and  will  not  infect  the  tubers. 

Treating  tubers  immediately  after  harvesting  by  a  quick  dip  into  a 
formaldehyde  solution  (1  pint  in  30  gallons  of  water)  and  storing 
them  immediately  in  crates  in  an  ordinary  bin  will  eliminate  con- 
siderable rotting  due  to  late  blight  infection.  The  tubers  in  the  early- 
harvested  seed  plot  are  immature  when  dug  and  therefore  must  be 
handled  carefully  to  avoid  bruising. 

SEED  DISINFECTION 

When  new  land  is  being  used  or  when  old  land  is  not  heavily  infested, 
it  is  advisable  to  treat  seed  potatoes  before  the}'  are  planted  for  the 
control  of  a  number  of  skin  diseases,  especially  rhizoctonia  canker. 
Disinfection  may  be  regarded  as  a  factor  in  raising  better  crops  only 
insofar  as  it  destroys  parasites  on  the  outside  of  the  tubers.  In  the 
case  of  internal  troubles  other  methods  of  control  must  be  used. 
Ordinarily  whole  tubers  are  used,  but  in  some  cases  it  may  be  desir- 
able to  treat  cut  seed  pieces.  Although  treatment  of  seed  pieces  has 
been  satisfactory  in  some  localities,  additional  tests  should  be  con- 
ducted before  such  treatment  can  be  recommended  for  general  use. 

Several  methods  of  treating  potato  tubers  may  be  used.  These 
include  treatment  with  mercuric  chloride  (corrosive  sublimate),  acid- 
ulated mercuric  chloride,  cold  formaldehyde,  hot  formaldehyde,  or 
yellow  oxide  of  mercury. 

Mercuric  Chloride 

The  effectiveness  of  mercuric  chloride  as  a  disinfectant  to  control 
rhizoctonia  canker  of  potatoes  has  been  known  for  a  long  time.  The 
original  formula  prescribes  a  solution  of  1  part  of  mercuric  chloride 
to  1,000  parts  of  water,  or  4  ounces  to  30  gallons  of  water,  in  which 
potato  tubers  are  treated  for  30  minutes  to  2  hours.  Mercuric  chloride 
goes  into  solution  very  slowly  in  cold  water;  it  should  therefore  be 
dissolved  in  a  small  quantity  of  hot  water.  The  solution  should  be 
prepared  and  used  in  wooden,  enamel,  or  concrete  containers.  The 
solution  decreases  in  strength  with  use.  To  correct  this,  one-half  ounce 
of  the  chemical  should  be  added  for  every  4  bushels  of  potatoes  treated 
for  2  hours  in  a  volume  of  the  solution  sufficient  to  cover  the  potatoes. 
If  a  shorter  treatment  is  used,  the  amount  of  chemical  added  should 
be  reduced  proportionately.  If  the  potatoes  are  treated  for  ll/2  hours, 
add  three-eighths  ounce.  Enough  water  should  be  added  each  time 
to  bring  the  solution  up  to  its  original  volume.  Make  up  a  fresh  solu- 
tion after  four  treatments.  Wetting  the  potatoes  for  20  to  24  hours 
before  treatment  helps  to  remove  dirt,  softens  the  sclerotia  of  Rhizoc- 
tonia, and  makes  the  disinfection  more  effective. 
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Mercuric  chloride  in  full  strength  is  very  poisonous,  but  even  the 
solution  of  1  part  of  the  chemical  to  1,000  parts  of  water  is  toxic. 
When  only  a  small  quantity  is  to  be  used  and  the  use  is  not  con- 
tinuous, only  sufficient  quantity  for  actual  work  to  be  done  should  be 
purchased,  because  of  the  danger  of  storing  the  surplus  in  broken 
packages.  Unused  solutions  should  be  buried.  Treated  potatoes 
should  be  so  stored  that  there  is  no  possibility  of  their  being  mixed 
with  potatoes  for  human  consumption  or  of  livestock  eating  them. 

Acidulated  Mercuric  Chloride 

To  shorten  the  soaking  time,  the  Minnesota  Agricultural  Experiment 
Station  developed  the  so-called  acid-mercury  dip.  This  dip  is  pre- 
pared by  adding  1  gallon  of  commercial  hydrochloric  acid  to  99  gallons 
of  1-500  mercuric  chloride  to  make  a  1-percent  solution.  Tubers  need 
to  be  soaked  in  this  solution  for  only  5  minutes.  Tests  made  by  the 
writer  in  Oregon  in  1932  and  1933  showed  that  this  method  was 
practically  as  effective  as  the  long-soak  mercuric  chloride  treatment, 
but  it  caused  injury  to  the  eyes  and  skin  of  the  potato  tubers  in  a 
number  of  cases,  especially  when  they  were  not  dried  immediately 
after  treatment.  Because  of  the  danger  involved,  this  method  cannot 
be  recommended  for  general  use  until  some  consistent  means  of 
overcoming  this  danger  is  found. 

In  using  acidulated  mercuric  chloride,  observe  the  precautions 
recommended  for  mercuric  chloride  (above).  Strong  hydrochloric 
acid  is  very  caustic. 

Cold  Formaldehyde 

The  results  of  different  investigators  have  shown  that  cold  formal- 
dehyde is  not  effective  in  controlling  rhizoctonia  canker.  This  solution 
is  prepared  by  adding  1  pint  of  formalin  (40- percent  commercial 
formaldehyde  solution)  to  30  gallons  of  water.  It  may  be  used  for  the 
control  of  common  scab  by  soaking  the  uncut  tubers  in  the  solution 
for  2  hours. 

Hot  Formaldehyde 

Hot  formaldehyde  is  not  quite  as  effective  for  the  control  of  rhizoc- 
tonia canker  as  mercuric  chloride,  but  it  has  given  satisfactory  control 
of  common  scab  and  may  be  used  where  the  equipment  is  available. 
It  is  used  widely  in  some  places.  The  potatoes  should  be  kept  wet 
for  24  hours  before  treatment.  The  solution  is  made  up  by  dissolving 
2  pints  of  formalin  in  30  gallons  of  water  heated  to  a  temperature  of 
124°  to  126°  F.  and  held  within  these  limits  by  steam  or  by  means  of  a 
fire  beneath  the  tank.  Tubers  are  dipped  for  4  minutes.  A  false 
bottom  to  the  tank  is  necessary  to  keep  the  tubers  at  the  bottom  from 
becoming  overheated.  The  solution  should  not  be  warmer  than  126°, 
because  above  this  temperature  decrease  in  sprouting  results ;  it  should 
not  be  cooler  than  124°,  as  it  would  then  not  control  the  diseases  if 
the  tubers  are  dipped  for  only  the  4-minute  period.  To  allow  for 
condensation  water  when  live  steam  is  used  for  heating,  0.9  pint  of 
formalin  should  be  added  after  every  50  bushels  of  tubers  is  treated. 
The  solution  does  not  lose  strength  on  standing  if  it  is  well  covered, 
and  it  may  safely  be  kept  thus  for  a  few  days  or  weeks.  Covering 
the  tubers  with  a  canvas  or  burlap  for  an  hour  after  treatment  adds 
to  the  efficiency  of  this  method. 
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Formaldehyde  is  poisonous  at  the  full  strength  (40-percent). 
Whether  cold  or  hot  it  does  not  corrode  metal.  As  diluted  for  use, 
it  is  not  a  very  dangerous  poison. 

Yellow  Oxide  of  Mercury 

Yellow  oxide  of  mercury  was  first  used  for  treating  potatoes  at  the 
New  York  State  (Geneva)  Agricultural  Experiment  Station  in  1929. 
It  has  been  tested  every  year  since  then  and  found  to  be  the  best 
material  for  an  instantaneous  dip.  Yellow  oxide  of  mercury  is  as 
effective  as  mercuric  chloride  in  the  control  of  rhizoctonia  canker. 
The  best  results  are  obtained  if  the  tubers  are  planted  within  a  few 
days  after  they  are  treated.  If  the  time  interval  between  treatment 
and  planting  is  greater  than  10  days,  retarded  vine  growth  and 
reduced  yields  may  result. 

Yellow  oxide  of  mercury  is  recommended  for  treating  whole  tubers. 
One  pound  of  yellow  oxide  of  mercury  (technical  grade)  is  added  to 
30  gallons  of  water  in  a  wooden  container  or  a  metal  one  painted  with 
a  good  coat  of  asphaltum  paint.  This  mixture  is  stirred  vigorously 
with  a  wooden  paddle  until  all  the  oxide  is  in  suspension.  A  basket 
of  seed  potatoes  is  then  dipped  into  the  liquid,  plunged  up  and  down 
two  or  three  times,  and  turned  sidewise  at  the  same  time  to  insure 
complete  wetting  of  the  tubers  and  to  keep  the  solution  well  stirred. 
The  basket  of  treated  potatoes  is  then  removed  and  drained,  and  the 
tubers  are  dumped  into  a  crate  or  open  container  to  dry. 

Yellow  oxide  of  mercury  is  very  poisonous,  and  only  sufficient 
quantity  for  the  actual  work  should  be  purchased  to  avoid  danger  of 
storing  the  surplus  in  broken  packages. 

Additional  mixture  may  be  made  up  and  added  to  the  treating  tub 
as  needed.  It  is  essential  that  the  mixture  be  thoroughly  stirred 
before  it  is  poured  into  the  treating  tub  so  that  the  yellow  oxide  of 
mercury,  which  is  heavy,  will  not  settle.  The  mixture  does  not  lose 
strength  and  can  be  used  as  long  as  any  is  left.  Fifteen  gallons  will 
usually  treat  100  bushels  or  more  of  seed  potatoes.  The  cost  of  the 
chemical  is  less  than  2  cents  for  each  bushel  of  potatoes  treated. 

For  a  time  the  yellow  oxide  of  mercury  treatment  was  very  popular 
in  New  York  State,  and  a  few  years  ago  this  chemical  was  used  to 
treat  approximately  100,000  bushels.  Recently  its  use  has  declined 
somewhat  because  of  the  discovery  that  in  some  sections  with  nonacid 
soils  any  mercury  material,  either  added  on  treated  seed  or  mixed 
with  the  fertilizer,  tends  to  increase  common  scab.  This  treatment, 
therefore,  is  not  recommended  in  sections  where  the  soil  is  alkaline 
enough  to  favor  the  development  of  common  scab. 

SUBERIZATION  OF  SEED  PIECES 

One  of  the  major  causes  of  rot  of  potato  seed  pieces  is  believed  to 
be  the  improper  healing  (suberization,  or  corking  over)  of  the  cut 
surfaces.  Omission  of  practices  that  would  bring  about  healing  is 
responsible  for  considerable  rot  of  seed  pieces  in  the  field,  and  at  times 
it  results  in  complete  crop  failures.  Seed  pieces  that  are  not  com- 
pletely rotted  before  the  eyes  have  had  an  opportunity  to  send  out 
shoots  may  give  rise  to  weak  plants  or  to  apparently  normal  ones. 
Later  such  plants  may  turn  yellow  and  die  prematurely.  If  the 
plants  are  still  alive  when  dug,  they  show  the  remnants  of  rotted 
seed  pieces  clinging  to  the  underground  stems  and  the  interior  of 
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the  stems  is  hollow  and  discolored.  Tubers  from  such  infected 
plants,  however,  will  give  rise  to  healthy  plants  the  following  year, 
indicating  that  the  trouble  is  not  due  to  an  organism  carried  over 
in  the  tuber. 

Premature  dying  and  occurrence  of  weak  plants  can  be  avoided  to 
a  large  extent  by  planting  whole  tubers  or  by  providing  conditions 
for  the  proper  corking  over  of  the  cut  seed  pieces.  Suberization  is  a 
very  simple  process,  but  three  conditions  are  necessary  to  assure  the 
formation  of  a  layer  of  cork  cells  over  the  cut  surfaces:  namely,  the 
presence  of  air  (oxygen),  high  humidity,  and  proper  temperature  (60° 
to  70°  F.).  Under  these  conditions  a  protective  layer  of  cork  cells 
will  develop  over  the  exposed  cut  surface  and  form  an  effective  bar- 
rier against  decay  organisms  that  may  be  present  in  the  soil  in  which 
the  seed  pieces  are  planted.  If  any  one  of  these  conditions  is  lacking, 
cork  cells  will  not  develop  and  the  exposed  cells  will  die.  Shriveling 
of  the  seed  piece  may  result  or  the  surface  may  become  dry  and  hard 
and  later  crack.  When  such  seed  pieces  without  a  protective  layer 
of  cork  cells  are  planted,  parasitic  fungi  and  bacteria,  which  are 
usually  present  in  the  soil,  may  invade  them  and  cause  them  to  rot. 
Seed  pieces  may  be  planted  immediately  after  being  cut,  however, 
provided  the  soil  is  not  too  wet  or  too  dry  and  the  weather  is  not  too 
cold.  Under  such  favorable  conditions  the  seed  pieces  will  suberize 
in  the  soil  before  the  soil  organisms  have  had  an  opportunity  to  in- 
vade them.  When  such  conditions  exist,  special  measures  to  bring 
about  suberization  before  planting  may  not  be  necessary. 

As  the  healing  of  cut  seed  pieces  is  very  simple  and  inexpensive  and 
the  certainty  of  a  perfect  stand  compensates  so  well  for  the  little  trouble 
involved,  there  is  no  valid  reason  why  every  grower  should  not  su- 
berize his  seed  prior  to  planting  in  areas  where  rot  of  seed  pieces  is  a 
problem.  The  writer  has  never  found  rot  in  fields  where  sound  seed 
pieces  were  properly  healed  over  before  planting. 

It  may  be  necessary  to  modify  slightly  the  method  of  suberization 
in  different  localities  because  of  the  variation  in  the  humidity  of  the 
air.  The  freshly  cut  seed  pieces  may  be  placed  in  ordinary  burlap 
bags  that  previously  have  been  moistened  in  water.  Care  should  be 
taken  not  to  use  any  bags  that  previously  contained  fertilizer  or  salt,  as 
these  chemicals  may  cause  burning  of  the  seed  pieces.  Ordinarily, 
the  humidity  within  the  bags  is  high  enough  to  insure  proper  suber- 
ization if  seed  pieces  are  kept  in  a  protected  building  or  shed.  If 
the  bags  are  stored  where  they  dry  out  quickly,  it  may  be  necessary 
to  sprinkle  them  occasionally  or  to  cover  them  with  a  few  empty 
moist  bags.  If  the  weather  is  cold  it  may  be  necessary  to  heat  the 
building  artificially  to  60°  to  70°  F.  The  bags  of  potato  pieces 
should  not  be  stacked  too  high,  as  this  may  exclude  air.  Under  such 
ideal  conditions  a  protective  layer  of  cork  will  develop  within  48 
hours. 

Tests  conducted  in  the  United  States  and  Canada  have  shown  that 
when  this  method  of  healing  is  used,  application  of  land  plaster  or 
sulfur  to  the  seed  pieces  is  not  necessary.  These  substances  may 
have  some  fungicidal  value  in  preventing  rot  of  seed  pieces  if  suber- 
ization is  not  practiced,  but  they  are  far  less  effective  than  suberization. 

It  should  be  remembered  that  the  best  cork  formation  is  always 
obtained  by  using  sound  tubers  that  have  been  kept  under  ideal 
storage  conditions.  Tubers  that  are  beginning  to  shrivel  and  those 
from  which  the  sprouts  have  been  removed  at  various  times  do  not 
readily  suberize. 
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SPRAYING  AND  DUSTING 
Spraying 

In  order  to  control  some  of  the  leaf  diseases  of  potato,  such  as  late 
blight  and  early  blight,  spraying  has  to  be  practiced.  Formerly  a 
10-10-100  bordeaux  formula  was  used,  but  a  10-5-100  formula  is 
now  generally  used  in  the  Eastern  States.  This  nearly  neutral  spray 
has  given  as  good  or  better  yields  than  those  obtained  with  the  former- 
ly used  alkaline  spray.  The  materials  required  for  making  10-5-100 
bordeaux  mixture  are:  Copper  sulfate  10  pounds,  lump  lime  5  pounds 
(or  hydrated  lime  7  pounds),  and  100  gallons  of  water.  A  convenient 
method  of  making  up  100  gallons  of  this  spray  mixture  is  to  dissolve 
10  pounds  of  pulverized  copper  sulfate  in  50  gallons  of  water  by 
suspending  it  in  a  sack  near  the  top  of  the  water  overnight  (or  to 
dissolve  it  in  a  small  quantity  of  hot  water  and  make  it  up  to  50 
gallons) ;  slake  the  5  pounds  of  lump  lime  gradually  in  a  small  amount 
of  water  and  dilute  the  milk  of  lime  to  50  gallons  (or  mix  the  7  pounds 
of  hydrated  lime  in  50  gallons  of  water);  then  pour  the  two  solutions 
together  in  a  third  barrel  and  stir  vigorously.  The  resulting  mixture 
(bordeaux  mixture)  is  milky  blue.  If  it  is  impossible  to  spray  at  once, 
add  half  an  ounce  (2  heaping  tablespoonfuls)  of  sugar  dissolved  in  a 
small  amount  of  water  to  each  barrel  of  100  gallons  of  spray  mixture. 
This  will  keep  the  mixture  in  good  condition  for  a  long  time;  otherwise, 
it  would  be  worthless  after  about  24  hours. 

Calcium  arsenate  or  lead  arsenate  is  added  to  the  bordeaux  mixture 
at  the  rate  of  4  pounds  to  100  gallons  when  needed  to  control  the  Colo- 
rado potato  beetle  and  flea  beetles.  Recent  experiments  have  shown 
that  the  addition  of  1  pound  of  actual  DDT  to  100  gallons  of  spray 
material  has  given  striking  control  of  flea  beetles  and  very  promising 
results  for  the  control  of  some  of  the  other  potato-feeding  insects. 

In  handling,  mixing,  and  applying  DDT,  arsenates,  and  other  harm- 
ful or  poisonous  insecticides,  special  care  should  be  taken  not  to  inhale 
excessive  quantities  at  any  time.  Well-designed  respirators  affording 
protection  to  the  entire  face  are  available  and  should  be  used  when 
such  danger  exists.  After  working  with  poisons  the  hands  or  any 
exposed  parts  of  the  body  should  be  washed  thoroughly. 

To  be  effective  in  controlling  late  blight,  spraying  must  sometimes 
be  started  when  the  plants  are  4  to  6  inches  high  and  be  continued  at 
regular  intervals  throughout  the  growing  season.  During  some  years 
and  in  some  localities  5  or  6  applications  are  sufficient;  under  other 
conditions  10  to  12  applications  are  none  too  many.  On  the  other 
hand,  in  some  years  spraying  may  not  be  necessary,  at  least  not  until 
the  disease  appears.  As  the  spray  programs  may  vary  even  in  differ- 
ent parts  of  the  same  State,  the  State  agricultural  college  or  the  local 
extension  service  should  be  consulted  as  a  guide  to  local  practices. 

It  is  a  good  practice  to  keep  all  new  growth  protected  with  the 
fungicide  and  to  renew  the  application  on  the  older  growth.  To  give 
the  vines  a  good  protective  coating,  an  application  of  60  to  75  gallons 
to  the  acre  is  required  when  the  plants  are  small  and  of  100  to  125 
gallons  when  they  are  large. 

Lime-sulfur  sprays  have  given  good  results  in  controlling  psyllids 
and  flea  beetles  in  some  of  the  Western  States,  as  discussed  on  page  62. 

During  World  War  II  considerable  research  was  conducted  on  new 
organic   fungicides.     Of   these   only   Dithane   has   been   sufficiently 
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tested  in  commercial  fields  for  control  of  late  and  early  blights.  The 
results  obtained  in  Dade  County,  Fla.,  showed  Dithane  plus  tank-mix 
zinc-sulfate-hydrated-lime  to  be  the  most  reliable  fungicide  thus  far 
tested  for  the  control  of  late  and  early  blights,  provided  the  spray  is 
thoroughly  applied  at  intervals  of  not  more  than  8  days;  however, 
it  quickly  loses  its  effectiveness  after  this  interval.  It  is  less  injurious 
than  bordeaux  mixture,  and  plants  sprayed  with  it  significantly  out- 
yielded  those  sprayed  with  bordeaux.  One  of  the  drawbacks  of 
Dithane  is  that  the  results  obtained  so  far  have  not  been  consistent. 
In  some  of  the  Northern  States  Dithane  was  effective  in  controlling 
early  blight,  but  not  in  controlling  late  blight.  Other  organic  fungi- 
cides seem  to  be  promising,  but  sufficient  information  on  their  be- 
havior is  not  yet  available  to  make  a  general  recommendation  for 
their  use.  Before  using  any  organic  fungicide  it  is  advisable  to  con- 
sult the  State  agricultural  college  officials  to  learn  whether  it  has  been 
tested  in  the  State. 

Dusting 

Many  growers  prefer  to  apply  copper-lime  dust  rather  than  bor- 
deaux mixture  for  the  control  of  foliage  diseases.  Dusting  is  more 
easily  done  than  spraying  and  requires  less  expensive  and  less  com- 
plicated machinery.  Much  experimental  work  conducted  in  a 
number  of  States  has  demonstrated  that  a  dust  properly  applied  will 
give  almost  as  good  control  of  late  blight  as  a  spray.  A  very  satis- 
factory dust  for  potatoes  is  a  mixture  of  monohydrated  copper  sulfate 
and  hydrated  lime  plus  powdered  lead  arsenate  or  calcium  arsenate 
when  an  arsenical  poison  is  necessary  to  control  insects.  The  mate- 
rials must  be  so  fine  that  95  percent  of  the  mixture  will  pass  through  a 
200-mesh  sieve.  The  percentages  of  copper  sulfate  used  vary  some- 
what, but  20  percent  is  considered  satisfactory.  When  an  arsenical 
is  needed,  7  to  15  percent  of  lead  arsenate  or  10  to  25  percent  of  cal- 
cium arsenate  can  be  used;  this  replaces  an  equal  percentage  of  the 
lime.     (See  warning,  p.  14.) 

The  amount  of  dust  needed  depends  upon  the  size  of  the  plants  and 
the  percentage  of  copper  in  it.  The  amount  of  copper  used  is  approxi- 
mately the  same  as  that  found  in  the  bordeaux  mixture  needed  to  give 
complete  coverage.  Generally  the  same  number  of  applications  of 
dust  as  of  spray  will  be  needed  during  the  season.  If  the  dust  is  ap- 
plied when  the  leaves  are  dry  it  is  likely  to  be  blown  off.  It  is  there- 
fore desirable  to  apply  the  dust  early  in  the  morning  when  the  leaves 
are  covered  with  dew.  When  the  copper-lime  dust  comes  in  contact 
with  moisture  on  the  leaf,  the  particles  of  copper  sulfate  and  of  lime 
combine  to  form  a  bordeaux  mixture. 

Dusting  is  often  done  on  peat  land,  as  it  is  frequently  impossible 
to  operate  heavy  sprayers  there.  Dusting  is  often  preferable,  also, 
on  hilly  land  or  where  it  is  difficult  to  get  water  to  operate  sprayers. 

DISEASE-RESISTANT  VARIETIES 

One  of  the  most  effective  means  of  combating  potato  diseases  is  the 
use  of  varieties  that  are  resistant  to  one  or  more  diseases.  In  recent 
years  the  production  of  such  varieties  has  been  given  much  consider- 
ation in  the  United  States  and  elsewhere.  This  work  has  been  em- 
phasized especially  in  the  'national  potato-breeding  program,  which 
is  conducted  cooperatively  by  State  agricultural  experiment  stations 
and  the  United  States  Department  of  Agriculture.     None  of  the 
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varieties  so  far  produced  is  resistant  to  all  diseases,  but  work  is  now 
in  progress  leading  to  the  combination  of  as  many  of  these  characters 
for  resistance  as  possible  in  a  single  variety. 

No  variety  that  will  meet  the  needs  of  all  the  States  has  been  dis- 
tributed, and  such  an  ideal  potato  will  probably  not  be  produced  in 
the  immediate  future.  There  is,  however,  a  demand  from  some  sec- 
tions for  each  one  of  the  new  varieties  distributed,  because  their  special 
characters  such  as  resistance  to  certain  diseases  give  them  definite 
advantages  over  the  old  varieties. 

Among  the  new  varieties  distributed  under  the  national  potato- 
breeding  program,  Earlaine,  Katahdin,  Chippewa,  Houma,  Sebago, 
Sequoia,  and  Mohawk  are  resistant  to  mild  mosaic;  Katahdin,  Chip- 
pewa, and  Houma  are  resistant  also  to  net  necrosis;  Katahdin  and 
Houma  are  somewhat  resistant  to  leaf  roll.  Sebago  is  moderately 
resistant  to  late  blight,  common  scab,  and  yellow  dwarf.  Sequoia  is 
somewhat  resistant  to  late  blight  and  to  leafhopper  and  flea  beetle 
injury.  Menominee,  Ontario,  Cayuga,  and  Seneca  are  resistant  to 
common  scab ;  these  new  varieties  are  not  yet  widely  grown,  but  one 
of  them  might  be  found  satisfactory  under  conditions  where  common 
scab  is  becoming  a  limiting  factor  in  potato  production.  Another 
new  variety,  Teton,  is  highly  resistant  to  ring  rot.  Kesistance  to 
latent  mosaic  and  rugose  mosaic  has  been  found  in  a  number  of  seed- 
ling varieties  now  under  test,  but  not  in  those  now  available  to  growers. 

The  State  agricultural  colleges  will  be  able  to  advise  growers  regard- 
ing the  disease-resistant  varieties  best  adapted  to  local  conditions  as 
demonstrated  by  tests. 

STORAGE  OF  SEED  STOCK 

The  primary  purpose  of  storage  is  to  protect  a  more  or  less  perish- 
able fruit  or  vegetable  product  from  freezing  or  injurious  chilling  and 
from  overheating.  To  keep  storage  and  transit  diseases  in  check  at- 
tention must  be  given  to  proper  ventilation,  humidity,  and  tempera- 
ture. Stored  potatoes  need  thorough  circulation  of  air,  and  the  air 
should  not  be  so  dry  as  to  cause  an  excessive  shrinkage  of  tubers,  which 
weakens  their  vitality  and  resistance  to  decay.  Poor  aeration  may 
cause  blackheart.  The  best  temperature  for  the  storage  of  potatoes 
is  between  36°  and  40°  F.  Adequate  ventilation  and  humidity  and 
the  right  temperature  are  attained  by  proper  construction  and  the 
management  of  storage  houses  as  described  in  Farmers'  Bulletin  1986, 
Potato  Storage. 

AIDS  IN  THE  RECOGNITION  OF  POTATO  DISEASES 

In  order  to  use  the  proper  control  measures  to  produce  disease-free 
seed  potatoes,  a  grower  should  be  able  to  distinguish  the  different  dis- 
eases. Sometimes  a  disease  can  be  diagnosed  from  its  symptoms;  this 
means  that  the  entire  affected  plant,  including  the  leaves,  stems,  roots, 
and  tubers,  may  have  to  be  examined  for  lesions  or  discolorations. 
At  other  times  it  may  be  necessary  to  make  microscopic  examinations 
of  the  affected  tissues  and  of  the  causal  organism:  growth  of  the  latter 
in  artificial  media  may  be  involved.  In  such  cases  the  help  of  pathol- 
ogists can  be  obtained  by  sending  the  affected  plants  or  tubers  to  the 
State  agricultural  college  for  examination. 

In  many  cases  the  grower  is  able  to  recognize  the  disease  by  naked- 
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eye  examination  of  the  entire  plant.  To  assist  him  in  making  such  an 
identification  a  key  has  been  prepared.  After  he  has  tentatively 
identified  the  disease  by  consulting  this  key,  he  should  turn  to  the 
page  where  it  is  described  more  fully  and  to  the  recommendations  for 
its  control. 

A  KEY  TO  POTATO  DISEASES 

Diseases  Affecting  Plant  Tops. 

A.  Foliage  yellow  or  showing  dead  areas;  rolling  or  wilting  accompanying  or 

following. 

(a)  Leaves  rolling;  lower  part  of  stem  inky  black.     In  advanced 

stages  plant  wilting.  Seed  piece  sometimes  rotting  com- 
pletely  Blackleg  (p.  19). 

(b)  Leaves  and  finally  entire  plant  wilting.     Vascular  bundles  in  the 

stem,  roots,  and  stolons  turning  brown.  Oozing  of  bacteria  as 
a  milky-white  slimy  mass  from  cut  vascular  bundles  of  affected 
parts Brown  rot  (bacterial  wilt)  (p.  21). 

(c)  Leaves  yellowish,  but  not  always  conspicuously  so.     Dead  areas 

often  between  veins  as  well  as  along  margins;  rolling  at  tips  of 
leaves,  followed  by  wilting.  Vascular  bundles  normal  in 
color Ring  rot  (bacterial  ring  rot)  (p.  23). 

(d)  Leaves  wilting  or  rolling  and  often  yellowish.     Stem  firm  with- 

out any  external  lesions.  Inner  tissue  stained  brown  often 
from  the  base  well  into  the  top. 

Verticillium  wilt  or  wilt  caused  by  Fusarium  oxysporum 

(p.  38). 

(e)  Symptoms  somewhat  similar  to  (d)  but  with  internal  flecking  of 

stem,  sometimes  extending  to  upper  leaflets.  Bronzing  and 
slight  yellowing  of  upper  leaflets  more  characteristic  than  wilt- 
ing and  rolling Wilt  caused  by  Fusarium  eumartii  (p. 38). 

(f)  Young    leaves    not    enlarging    normally  and  the  leaflets    rolling 

upward;  most  pronounced  rolling  at  the  base  of  the  leaflets.  In 
varieties  with  red  pigment,  base  of  the  leaflet  purplish.  Side 
branches  swollen  at  the  base.  Brown  flecks  in  the  pith  of  lower 
part  of  stem.     Plant  wilting  and  dying  prematurely. 

Purple-top  wilt  (p.  60) . 

B.  Foliage  showing  dead  areas  but  no  wilting. 

(a)  Leaves   showing  brown  dead  spots  with   concentric   rings   that 

produce  a  target-board  pattern Early  blight  (p.  32). 

(b)  Leaves    showing    dark-brown    to  black,  irregular,  usually  fast- 

developing  spots.  Infection  spreading  rapidly  and  in  severe 
cases  killing  both  leaves  and  stems.  Decayed  tissue  with  notice- 
able odor.  White  mildew  may  be  present  on  under  side  of 
affected  leaves  and  on  stems Late  blight  (p.  34). 

(c)  Leaves  with  small,  dead,  angular  patches;  veins  showing  black 

streaks  underneath;  many  of  the  leaves  dying  and  drooping  or 
dropping  off  entirely. 

Rugose  mosaic  (current-season  infection)  (p.  53). 

C.  Leaves  rolling,  usually  soft  or  leathery.     Shoots  arising  in  the  leaf  axils, 

swollen  at  base.     No  wilting  or  wilting  only  late  in  the  season. 

(a)  Young  leaves  not  enlarging  normally  and  the  leaflets  rolling  up- 

ward; most  pronounced  rolling  at  the  base  of  the  leaflets.  In 
varieties  with  red  pigment,  the  base  of  the  leaflet  purplish. 
Side  branches  swollen  at  the  base.  Brown  flecks  in  the  pith 
of  lower  part  of  stem.     Plant  wilting  and  dying  prematurely. 

Purple-top  wilt  (p.  60). 

(b)  Basal  rolling  or  cupping  of  the  young  leaves;  rolled  portions  fre- 

quently purplish.  Axillary  buds  developing  into  shoots  that 
frequently  branch,  giving  plant  a  pyramidal  shape.  Formation 
of  aerial  tubers Psyllid  yellows  (p.  62) . 

(c)  Upper  leaves  rolled,  but  soft.     Enlarged  nodes,  or  joints,  common 

on  stems.  Sometimes  sparse,  whitish  fungus  growth  on  green 
stems  a  short  distance  above  soil  line.  Lesions,  or  dead  (dark- 
brown)  areas,  on  the  underground  stems. 

Rhizoctonia  canker  (black  scurf)  (p.  29). 
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C.  Leaves  rolling,  usually  soft  or  leathery.     Shoots  arising  in  the  leaf  axils, 

swollen  at  base.     No  wilting  or  wilting  only  late  in  the  season. — Con. 

(d)  Upward  rolling  of  the  leaflets.     Lower  leaves  rolled  and  leathery. 

Plants  yellowish  green  and  considerably  dwarfed. 

Leaf  roll  (p.  54). 

(e)  Leaflets  stiff,  rolled,   pointed,  slightly  yellowish      Petioles  and 

stems  sometimes  swelling  at  the  nodes.  Tubers  lacking  or  few 
and  close  to  the  stem Haywire  (p.  59). 

D.  Leaves  mottled;  yellowish  or  pale-green  spots  of  varying  size  interspersed 

in  normal  green  of  foliage.     Slight  dwarfing  of  plant.     No  wilting. 

(a)  Leaves  with  yellowish  areas  alternating  with  the  normal  green. 

Surface  of  leaves  slightly  crinkled Mild  mosaic  (p.  51). 

(b)  Leaves  with  smaller  and  more  numerous  mottled  areas  than  in 

mild  mosaic.  Veins  of  the  lower  leaves  showing  dead  streaks 
or  areas,  brittle.  Surface  and  margin  of  leaflets  usually  uneven 
or  crinkled Rugose  mosaic  (p.  53). 

(c)  Leaves  showing  irregular  yellow  to  cream-colored  spots  or  patches, 

but  not  crinkled Calico  (p.  60). 

E.  Leaves    small,    rounded,    and    somewhat    velvety.     Stems    numerous    and 

spindling.     Plant  dwarfed.     Tubers  small  and  abundant. 

Witches'-broom  (p.  57). 

F.  Leaves  set  at  an  acute  angle  with  the  main  stem,  giving  the  plant  a  stiff  and 

erect  appearance,  darker  green  than  leaves  of  healthy  plants. 

Spindle  tuber  (p.  55). 

G.  Leaves  yellowish  green;   shoot  often   dying  from  tip   downward.     Rust- 

colored  specks  in  the  pith  and  outer  layer  of  upper  part  of  stalk  and  in 

the  tubers.     Tubers  small,  often  cracked Yellow   dwarf   (p.    58). 

Diseases  Affecting  Tubers. 

A.  Tubers  with  spots,  eruptions,  or  cavities  on  the  exterior;  interior  normal  or 
showing  blotches  or  discoloration ;  no  rot. 

(a)  Hard  brown-black  particles,   generally   varying  in  size  from  a 

pinhead  to  half  a  pea,  adhering  firmly  to  the  skin  of  the  tuber 
and  resembling  spots  of  dirt  that  cannot  be  washed  off. 

Rhizoctonia  canker  (black  scurf)  (p.  29). 

(b)  Brownish,  rounded  or  irregular,  corky,  rough  spots  on  the  surface 

of  the  tuber,  varying  in  size  and  depth__ Common  scab  (p.  26). 

(c)  Spots  nearly  circular,  first  blisterlike  but  later  breaking  open  and 

forming  roundish,  raised  pustules  filled  with  a  powdery  mass  of 
spores  and  surrounded  by  fringed  remnants  of  the  skin. 

Powdery  scab  (p.  28). 

(d)  Warty,  cauliflowerlike  outgrowths  originating  at  the  eyes  of  the 

tuber  and  having  at  first  the  color  of  the  affected  parts  but 
turning  dark  brown  or  black  after  decay  sets  in Wart  (p.  31). 

(e)  Small,  slightly  raised,  pustulelike  elevations  on  the  surface  of  the 

tuber;  galls,  or  swellings,  becoming  very  large  at  times  and  the 
tuber  taking  on  a  knotty  appearance.  Small,  circular,  brown 
spots  with  pearly -white  centers  beneath  these  elevations. 

Root  knot  (nematode  gall)  (p.  43). 

(f)  Slight  pustules  or  narrow  furrows,   often  with  slivers  of  corky 

tissue  under  pimples,  penetrating  %  to  1  inch  into  the  tuber. 

Flea  beetle  injury  (p.  42). 

(g)  Dark  sunken  areas  of  various  shapes,  sometimes  surrounded  by 

irregular,  raised  borders  of  a  gun-metal  hue.  Spots  generally 
shallow  but  sometimes  becoming  deep  and  covering  areas  from 
%  to  K  inch  in  diameter.  Margin  of  diseased  area  raised 
somewhat;  adjoining  skin  of  tuber  slightly  puckered. 

*  Early  blight  (p.  32). 

(h)  Browning  or  blackening  of  the  vascular-ring  tissues  of  the  tubers. 
Wilt   caused    by  Fusarium  oxysporum   or    verticillium    wilt 

(p.  38). 

(i)  Browning  of  the  vascular-ring  tissues  of  the  tuber  and  brown  spots 
in  the  flesh Wilt  caused  by  Fusarium  eumartii  (p.  38). 

(j)  Network  of  dead  fibers,  brown  to  dark  brown,  at  stem  end; 
vascular  ring  not  affected.  Sometimes  limited  to  a  small 
portion  of  tuber  and  at  other  times  extending  throughout  the 
interior  of  the  stem  end.  Usually  extending  beyond  layer 
Vi  inch  thick  sliced  off  end Net    necrosis    (p.    54). 

18 


B.  Tubers  showing  rot  on  interior,  exterior,  or  both. 

(a)  Decay  pinkish  brown,  ordinarily  shallow  but  sometimes  spread- 

ing irregularly  from  the  surface  through  the  flesh  like  the 
diffusion  of  a  brown  stain.  Under  storage  conditions  this  decay 
sometimes  followed  by  rots  due  to  other  organisms. 

Late  blight  (p.  34). 

(b)  Sunken  areas  of  firm  brown  rot,   often  involving  large  part  of 

tuber;  affected  portion  wrinkled  and  bearing  bluish  or  white 
protuberances. 

Dry  rot  caused  by  Fusarium  coeruleum  (p.  40). 

(c)  Center  of  tubers  rotting  faster  than  the  outer  tissues;  cavities 

filled  with  a  brick-colored,  powdery  mass  of  fungus  growth; 
pinkish  or  white  tufts  of  fungus  growth  on  wrinkled  exterior. 

Powdery  dry  rot  (p.  40). 

(d)  Rot  white  and  buttery  in  consistency,  gradually  turning  black 

and  slimy ;  generally  developing  a  foul  odor Blackleg  (p.  19) . 

(e)  Rot  in  the  vascular  ring  gray,   creamy  yellow,   or  light  brown, 

crumbly;  in  advanced  cases  pressure  causing  a  separation  of 
tissues  outside  and  inside  of  vascular  ring.  In  early  stages 
tissue  sometimes  turgid  with  intercellular  spaces  full  of  bacteria. 
Skin  reddish  brown,  often  cracked. 

Ring  rot  (bacterial  ring  rot)  (p.  23). 

(f)  Bacterial  ooze  and  dirt  sticking  to  eyes  of  the  tuber.     Vascular 

ring  showing  a  dark-brown  discoloration.  After  cutting,  drops 
of  sticky,  milky-white  exudate  appearing  from  the  browned 
strands.  Slimy  soft  rot  caused  partly  by  other  organisms 
sometimes  developing  later __  Brown  rot  (bacterial  wilt)  (p.  21). 

C.  Tubers  or  sprouts  abnormal  in  shape,  but  free  from  spots  and  rots. 

(a)  Sprouts  of  tubers  abnormally  slender  and  feeble. 

Spindling  sprout  (hair  sprout)  (p.  64),  witches'-broom  (p.  57), 
or  leaf  roll  (p.  54). 

(b)  Long  tubers  abnormally   spindling,   elongated,   and  pointed  at 

the  stem  end.  Oval  tubers  elongated,  tending  to  be  blocky 
cylindrical  in  shape Spindle  tuber  (p.  55). 

DISEASES  DUE  TO  PARASITES 

Growers  of  disease-free  seed  have  to  keep  their  stock  free  from 
various  diseases  due  to  parasitic  fungi,  bacteria,  and  nematodes.  The 
problem  is  complicated  by  flea  beetle  injury.  The  amount  of  disease 
caused  by  parasites  can  be  reduced  by  the  use  of  appropriate  control 
measures. 

Blackleg 

Blackleg,  caused  by  Erwinia  phytophthora  (Appel)  Bergey  et  al.,  is  a 
bacterial  disease  that  in  some  years  is  responsible  for  heavy  losses  in 
some  potato-growing  sections.  It  causes  serious  rotting  of  tubers  in 
storage  (fig.  4). 

In  the  field  the  first  symptoms  are  the  rolling  of  the  upper  leaves  of 
one  or  more  shoots,  compactness  of  such  foliage,  and  a  gradual  yellow- 
ing of  the  foliage,  finally  of  all  leaves.  In  advanced  stages  of  the  dis- 
ease the  plant  wilts  at  the  base  of  the  stem  and  mushy,  inky-black 
lesions  develop;  these  may  extend  6  to  12  inches  upward  on  the  stem 
and  downward  through  the  stolons  into  the  developing  tubers,  where 
soft  rot  may  start  at  the  stem  end.  The  causal  organism  may  rot 
the  seed  pieces  before  they  sprout,  and  an  irregular  stand  may  result. 
Frequently,  however,  the  disease  is  manifested  as  a  soft  rot  of  the 
stems  below  ground  and  several  inches  above  ground.  As  the  disease 
progresses  the  entire  plant  wilts  and  may  turn  yellow,  and  finally  the 
rotted  portion  may  dry  and  shrivel.  Under  dry  conditions  no  out- 
ward blackening  of  the  stem  may  be  evident,  but  the  pith  may  show 
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blackening  even  in  the  top  of  the  plant.  Under  such  conditions  the 
disease  progresses  very  slowly,  and  aerial  tubers  may  be  formed  on  the 
stems  as  in  the  case  of  rhizoctonia  canker  (fig.  5). 

Tuber  infection  generally  begins  at  the  stolon  end;  on  the  outside 
a  small  amount  of  rot  or  often  only  a  small,  black,  circular  opening  is 
visible.  This  opening  leads  to  the  interior  of  the  tuber,  where  a  pro- 
gressive decay  develops.  In  the  first  stages  the  rot  is  white  and  buttery 
in  consistency;  gradually  the  interior  changes  into  an  irregular,  black, 
soft  or  slimy  hollow  which  may  occupy  nearly  all  of  the  tuber.  The 
rot  generally  develops  a  foul  odor. 

Bacteria  causing  blackleg  may  gain  entrance  to  the  plant  in  various 
ways.  Some  infected  potatoes  may  remain  in  the  field  over  winter 
and  give  rise  to  infected  plants  the  following  spring.  In  some  cases 
infected  plants  may  produce  tubers  that  do  not  show  any  rot,  but 
these  healthy-looking  tubers  may  carry  the  disease  over  to  the  next 
season.  Experiments  conducted  by  the  writer  in  Oregon  showed  that 
60  percent  of  the  plants  developed  blackleg  when  apparently  sound 
tubers  from  hills  infected  with  blackleg  were  planted,  whereas  plants 
grown  from  tubers  from  healthy  plants  failed  to  develop  the  disease. 

Under  Minnesota  conditions  flies  of  the  seed-corn  maggot  have  been 
found  to  feed  upon  tubers  infected  with  blackleg  and  to  lay  con- 
taminated eggs  near  the  seed  pieces  in  the  potato  field.     The  maggots 


Figure  4. — Potato  tubers  sliced  lengthwise  to  show  early  and  advanced 
stages  of  blackleg.  Note  that  in  advanced  stages  a  large  part  of  the 
tuber  is  affected. 
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hatching  from  these  eggs 
carry  the  blackleg  bac- 
teria to  the  seed  pieces 
and  thus  spread  infec- 
tion. Bacteria  may  live 
over  from  one  year  to  the 
next  in  the  soil  and  enter 
through  the  cut  surface 
of  the  seed  piece.  En- 
trance in  this  manner  is 
important  only  when 
freshly  cut  seed  is  plant- 
ed and  when  conditions 
are  unfavorable  for  the 
formation  of  a  corky  lay- 
er over  the  cut  surface. 


RECOMMENDATIONS 
FOR  CONTROL 

Although  controlling 
the  disease  is  not  always 
possible,  losses  from 
blackleg  can  be  reduced 
by  the  use  of  healthy 
whole  seed  or  of  cut  seed 
corked  over  well  enough 
to  prevent  soil  infection. 


Figure  5. — Potato  plant  showing  blackleg  in- 
fection. Note  the  blackening  of  the  lower 
part  of  the  stem  and  the  formation  of  aerial 
tubers  (a).  (By  courtesy  of  the  Minnesota 
Agricultural  Experiment  Station.) 


Brown  Rot  (Bacterial  Wilt) 

Brown  rot,  caused  by  Bacterium  solanacearum  E.  F.  Sm.,  is  also 
known  as  bacterial  wilt  and  southern  bacterial  wilt.  Climatic  condi- 
tions limit  the  common  occurrence  of  brown  rot  in  the  United  States 
to  localities  in  the  South  Atlantic  and  Gulf  Coast  States  from  Mary- 
land to  Texas  and  in  Ohio,  Illinois,  and  Kentucky. 

The  first  symptom  of  brown  rot  in  a  potato  plant  is  a  slight  wilt- 
ing of  the  leaves  at  the  ends  of  the  branches  during  the  hottest  part 
of  the  day.  The  affected  plant  recovers  during  the  night,  but  the 
wilting  becomes  more  pronounced  each  day  until  finally  the  plant 
dies.  The  vascular  bundles  in  the  stems,  roots,  and  stolons  turn 
brown  when  they  become  clogged  with  bacteria;  this  clogging  causes 
the  wilting  and  death  by  cutting  off  the  water  supply  of  the  plant. 
The  brown  color  is  finally  evident  on  the  outer  surface  of  these  parts 
and  may  be  seen  on  the  stems  of  severely  affected  plants  1  inch  or 
more  above  the  soil  line.  When  the  vascular  bundles  of  the  affected 
parts  are  cut  or  broken,  the  bacteria  ooze  from  them  as  a  milky-white 
slimy  mass. 

In  the  tuber  the  vascular  area  is  first  invaded  by  bacteria  and 
develops  a  dark-brown  discoloration.  If  the  browned  vascular  tis- 
sue is  cut,  drops  of  sticky,  milky-white  exudate  appear.  When  the 
disease  has  developed  to  a  certain  stage  the  brown  color  of  the  af- 
fected tissues  near  the  surface  can  be  seen,  particularly  around    the 
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stem  and  eyes.  The  bacterial  ooze  exudes  from  the  eyes  and  stem 
end  of  the  severely  diseased  tuber  (fig.  6)  and  may  become  mixed 
with  dirt,  which  sticks  to  the  surface  of  the  tuber  when  dried.  Tubers 
left  in  the  ground  continue  to  decay;  the  bacteria  destroy  the  tissue 
that  surrounds  the  vascular  ring  and  finally  break  through  the  skin. 
Other  rot  organisms  enter  the  tuber  at  this  stage  and  assist  in  mak- 
ing it  a  slimy  mass  with  an  offensive  odor. 
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Figure  6. — Potato  tuber  affected  with  brown  rot.  Note  bacterial  exudate 
and  dirt  sticking  to  the  eves.  (By  courtesy  of  the  Florida  Agricultural 
Experiment  Station.) 

A  plant  with  its  top  killed  by  brown  rot  may  bear  both  healthy 
and  diseased  tubers.  Plants  showing  no  signs  of  the  disease  in  their 
tops  may  sometimes  produce  diseased  tubers.  The  distinctions 
between  this  disease  and  ring  rot  are  outlined  on  page  24. 


RECOMMENDATIONS  FOR  CONTROL 

The  Sebago  and  Katahdin  varieties  are  much  more  resistant  to 
brown  rot  than  Spaulding  Rose,  Irish  Cobbler,  and  Triumph.  As 
seed  potatoes  in  the, United  States  are  generally  produced  in  localities 
where  brown  rot  does  not  occur,  the  disease  is  usually  not  carried  in 
the  seed.  Because  so  many  weeds  are  hosts  of  Bacterium  solanacearum, 
it  would  be  impracticable  to  attempt  to  eliminate  brown  rot  from 
potato  land  by  crop  rotation  or  weed  eradication. 

Experiments  in  Florida  have  shown  that  in  sandy  soil  brown  rot 
can  be  controlled  by  an  application  of    800  pounds  of  sulfur  to  the 
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acre  in  the  summer,  followed  by  3,000  pounds  of  limestone  in  the 
fall.  This  treatment  is  not  recommended  on  muck,  peat,  loam,  or 
clay. 

Ring  Rot 

Ring  rot,  caused  by  Corynebacterium  sepedonicum  (Spieck.  and 
Kotth.)  Skapt.  and  Burk.,  is  an  extremely  infectious  bacterial  wilt 
and  ring  rot.  It  has  been  noted  in  this  country  only  since  about 
1934,  but  it  is  now  present  in  nearly  all  potato-growing  States.  The 
symptoms  of  ring  rot  usually  appear  when  the  potato  plants  are 
nearly  full  grown.  Some  plants  become  infected  but  do  not  show 
any  symptoms;  in  other  cases  one  or  more  stems  in  a  hill  may  wilt 
and  may  be  more  or  less  stunted,  whereas  the  remainder  appear 
healthy.  Ordinarily  the  areas  between  the  veins  of  some  of  the 
lower  leaves  of  the  infected  stems  become  pale  yellow  at  first  and 
within  a  few  days  a  more  pronounced  yellowing  or  dead  areas,  together 
with  an  upward  rolling  of  the  leaf  margins,  develop.  Leaf  discolora- 
tion is  accompanied  by  a  progressive  wilting,  which  continues  until 
all  the  leaves  of  the  stem  are  wilted.  After  that  the  stem  soon  dies 
(fig.  7).  If  the  stem  of  a  plant  in  the  advanced  stages  of  the  disease 
is  cut  across  at  the  base  and  squeezed,  a  creamy  exudate  is  expelled. 


Figure  7. — Potato  plant  affected  with  ring  rot,  showing  wilted  branches 
and  leaves.  (By  courtesy  of  the  Florida  Agricultural  Experiment 
Station.) 
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Infection  of  the  tubers  takes  place  at  the  stem  end  and  progresses 
through  the  vascular  tissue.  In  early  stages  tissues  are  turgid  with 
intercellular  spaces  full  of  bacteria.  Infected  tubers  cut  at  the  stem 
end  have  a  cheesy  texture,  which  is  creamy  yellow  or  light  brown  in 
the  region  of  the  vascular  ring.  When  pressure  is  applied  in  typical 
and  sufficiently  advanced  cases,  there  will  be  a  definite  separation  of 
the  tissue  outside  of  the  vascular  ring  from  the  tissue  inside  (fig.  8). 


Figure  8. — Potato  tuber  affected  with  ring  rot,  sliced  lengthwise  to  show 
the  extent  of  decay  and  the  separation  of  the  cortex  tissue  from  the  core 
of  the  tuber.  (By  courtesy  of  the  Florida  Agricultural  Experiment 
Station.) 

Severely  soft-rotted  tubers,  namely  those  invaded  by  secondary 
organisms,  may  show  external  cracking  and  browning  of  the  skin. 

The  symptoms  of  ring  rot  may  be  confused  with  the  wilting  due  to 
the  effects  of  heat,  drought,  fusarium  wilt,  or  brown  rot.  Plants 
suffering  from  drought  will  recover  if  sufficient  soil  moisture  is  sup- 
plied, whereas  those  affected  with  ring  rot  will  not  recover.  Plants 
affected  with  ring  rot  are  free  from  vascular  discoloration  or  rot  in  the 
underground  stem,  whereas  in  plants  infected  with  Fusarium  vascular 
discoloration  and  shredding  or  rotting  are  outstanding  characteristics. 

Ring  rot  and  brown  rot  can  be  differentiated  by  certain  contrasting 
symptoms.  Ring  rot  causes  mottling  in  the  leaves,  which  is  followed 
by  the  development  of  brown  necrotic  areas  usually  at  the  margin, 
and  the  leaves  of  affected  plants  roll  upward  and  wilt;  brown  rot 
causes  the  wilted  leaves  to  fade  to  a  pale  green,  and  then  to  die  and 
turn  brown  without  mottling  or  rolling.  Ring  rot  does  not  produce 
any  stem  symptoms;  brown  rot  causes  a  brown  discoloration  of  the 
vascular  bundles,  which  when  cut  exude  the  causal  bacteria  without 
squeezing.     Both  diseases  cause  ring  rots  of  tubers  and  in  advanced 
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stages  discolor  the  skin  at  the  stolon  end,  at  the  eyes,  and  at  other 
places.  Ring  rot  causes  a  reddish-brown  discoloration  of  the  tuber 
skin,  which  may  be  accompanied  by  cracking;  in  some  tubers,  particu- 
larly those  kept  in  storage  for  several  weeks,  the  skin  and  outer  flesh 
also  crack  occasionally  and  separate  from  the  remainder  of  the  tuber. 
Brown  rot  produces  a  brown  to  black  discoloration  of  the  affected 
tissues  with  no  trace  of  red  and  no  cracking  of  the  skin  or  separation 
of  parts  of  the  tuber. 

Both  diseases  may  cause  decay  of  any  part  or  all  of  the  vascular 
sections  of  the  tuber;  however,  brown  rot  is  usually  confined  to  the 
vascular  area  and  to  adjacent  tissues,  thus  producing  a  marked  ring 
appearance  that  is  not  so  conspicuous  in  tubers  affected  with  ring  rot. 
The  tissues  affected  with  ring  rot  are  soft  and  crumbly  and  are  gray, 
creamy  yellow,  or  reddish  brown;  those  decayed  by  brown  rot  are 
slimy  and  brown  to  black. 

The  free  flow  of  bacterial  ooze  from  the  vascular  strands  of  a  freshly 
dug  tuber  that  has  been  sliced  is  characteristic  of  brown  rot,  but  not 
of  ring  rot.  White  sticky  masses  of  the  brown  rot  bacteria  ooze  from 
the  eyes  at  the  stolon  end  of  the  diseased  tuber,  where  they  may  be- 
come mixed  with  dirt  and  on  drying  are  glued  to  the  surface  of  the 
tuber;  the  ring  rot  bacteria  are  not  sticky  and  do  not  ooze  from  the 
tuber. 

The  ring  rot  causal  organism  does  not  overwinter  in  the  soil;  nor 
does  the  disease  seem  to  spread  to  any  appreciable  extent  in  the  field. 
The  organism  is  carried  over  in  potato  tubers  and  for  a  limited  time 
can  survive  in  containers  used  for  storing  infected  potatoes. 

RECOMMENDATIONS  FOR  CONTROL 

The  use  of  seed  potatoes  free  from  ring  rot  is  the  only  means  of  con- 
trolling this  disease.  Because  of  delayed  symptoms  of  infected  plants 
in  the  field  and  the  difficulty  in  diagnosing  the  symptoms  correctly, 
it  is  impossible  to  detect  all  the  plants  affected  with  ring  rot  and  prac- 
tically impossible  to  eradicate  ring  rot  by  roguing.  It  is  therefore  of 
the  greatest  importance  in  the  production  of  seed  potatoes  to  use  more 
refined  methods  to  determine  definitely  freedom  from  disease.  In 
doubtful  cases  the  use  of  the  Gram-stain  method  and  the  ultraviolet- 
light  method  has  been  especially  helpful. 

The  Gram-stain  method  consists  in  placing  on  a  glass  slide  a  few 
drops  of  bacterial  exudate  from  the  stem  of  an  infected  plant  or  from 
a  diseased  tuber.  These  bacteria  are  tested  with  a  special  stain, 
which  will  color  the  bacteria  purple  or  blue.  This,  in  addition  to  the 
characteristic  shape  of  the  causal  organism,  will  identify  it.  This  is  a 
highly  refined  technique  and  sometimes  may  be  very  useful  in  deter- 
mining the  presence  or  absence  of  plants  affected  with  ring  rot  in  a 
lot  of  foundation  seed  stock.  As  a  rule,  however,  it  is  advisable  for 
the  grower  to  use  this  method  only  in  cooperation  with  plant  pa- 
thologists. 

The  ultraviolet-light  method  consists  in  using  a  100-watt,  220-volt, 
H-4  type  black  lamp  with  transformer  and  Bryant  base-screw  socket. 
When  freshly  cut  healthy  potatoes  are  exposed  under  its  rays,  they 
have  a  solid  purple  color.  Infected  tubers  produce  a  silvery-green 
fluorescence.  Ring  rot  infection  may  sometimes  be  localized  as  a 
single  spot  in  the  vascular  ring.  The  light  will  locate  such  infection. 
It  is  essential  that  examination  be  made  at  temperatures  of  40°  F.  or 
lower  in  a  totally  dark  room.     Even  short  exposure  of  tubers  to 

764154°— 48 4  25 


higher  temperatures  during  examination  reduces  the  effectiveness  of 
the  work. 

As  ring  rot  is  highly  infectious,  a  knife  that  has  cut  an  infected 
tuber  may  infect  the  next  20  seed  pieces  cut  with  it.  It  is  possible  to 
disinfect  the  knife  by  inserting  it  momentarily  in  a  solution  of  mer- 
curic chloride  (1-1,000)  or  for  10  seconds  in  boiling  water.  This 
method  cannot  be  used,  however,  in  controlling  ring  rot  in  seed  stock; 
in  growing  such  stock  the  objective  is  to  eliminate  ring  rot  completely. 
Disinfecting  the  knife  before  cutting  an  infected  tuber  would  not 
cure  it;  the  tuber  would  still  give  rise  to  a  plant  infected  with  ring  rot. 
It  might  even  be  advantageous  for  the  ring  rot  organism  to  spread 
to  other  seed  pieces,  since  the  grower  would  be  more  apt  to  recognize 
ring  rot  in  his  seed  plot  if  several  plants  were  infected  instead  of  1  or  2. 
The  crop  from  such  a  field  could  not  be  used  as  seed  potatoes  but 
would  be  disposed  of  as  table  stock. 

Ring  rot  may  be  introduced  into  healthy  stock  by  the  use  of  con- 
taminated sorters  or  planters.  A  picker-planter  is  a  very  effective 
means  of  spreading  the  disease.  If  ring  rot  was  present  in  stored 
potatoes  during  the  previous  season,  storage  places  should  be  dis- 
infected with  a  solution  of  copper  sulfate  prepared  at  the  rate  of  1 
pound  in  10  gallons  of  water. 

Common  Scab 

Common  scab,  caused  by  Actinomyces  scabies  (Thaxt.)  Gussow,  is 
known  to  exist  in  every  potato-growing  section  of  the  United  States. 
This  disease  is  confined  entirely  to  the  tubers.  Usually  the  lesions 
are  small  and  brownish  at  first;  later  they  may  become  large  and  very 
corky,  frequently  extending  below  the  tuber  surface  and  leaving  deep 
pits  when  the  corky  tissue  is  removed.  Such  lesions  are  known  as 
the  pitted  type  of  scab.  Sometimes  the  lesions  appear  as  small 
russeted  areas;  they  may  be  so  numerous  that  they  almost  cover  the 
tuber  surface  or  they  may  be  slight  protuberances  with  depressed 
centers.  These  lesions  are  covered  with  a  small  amount  of  corky 
tissue.     This  type  of  lesion  is  called  surface  scab  (fig.  9). 

Flea  beetle  injury,  caused  by  the  larvae  of  three  species  of  Epitrix 
(E .  cucumeris  (Harr.),  E.  subcrinita  (Lee),  and  E.tuberis  Gent.),  may 
also  resemble  in  some  cases  the  external  appearance  of  the  first  stages 
of  scab  infection.  However,  when  the  furrows  made  by  the  flea 
beetle  larvae  are  cut  through,  peculiar  tough  splinters  of  corky  tissue 
are  found  extending  perpendicularly  into  the  tuber.  These  furrows 
may  become  infected  with  Bhizoctonia  or  the  scab  organism;  either 
causes  them  to  deepen.  White  grub  and  rodent  injuries  lead  to  the 
formation  of  large  cavities  that  are  seldom  confused  with  common 
scab.  These  cavities  are  free  from  the  heavy  cork  incrustations  so 
characteristic  of  the  deep  forms  of  common  scab.  Common  scab 
lesions  have  sometimes  been  confused  with  abnormally  enlarged 
lenticels. 

Common  scab  is  particularly  severe  in  alkaline  soils  above  pH  7  or 
in  soils  that  are  mildly  acid,  but  it  causes  little  if  any  damage  in 
strongly  acid  soils.2     Applications  of  fresh  manure  should  not  be  made 

2  The  pH  value  is  the  most  common  term  now  used  to  express  the  degree  of 
acidity  or  alkalinity.  A  neutral  soil  has  a  pH  value  of  7;  values  above  7  denote 
alkalinity  and  those  below  7  acidity.  A  soil  with  a  pH  value  of  6  is  mildly  acid, 
one  with  a  pH  value  of  5  strongly  acid,  and  one  with  a  pH  value  of  4  very  strongly 
acid. 
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Figure  9. — Potato  tuber  showing  severe  infection  with  common  scab. 

just  before  plowing  for  potatoes,  because  such  a  procedure  seems  to 
stimulate  scab  development.  Likewise,  applications  of  lime  or  wood 
ashes  tend  to  bring  about  an  alkaline  condition  favoring  scab  develop- 
ment. In  some  of  the  Pacific  Coast  States  common  scab  develops 
most  when  the  soil  moisture  is  slightly  below  the  requirement  for 
optimum  growth  of  the  potato  plant,  but  in  some  of  the  Middle  West- 
ern States  very  severe  scab  develops  in  peat  soils  that  are  wet  most  of 
the  growing  season. 

Because  many  factors,  such  as  the  alkalinity  of  the  soil,  the  presence 
of  oxygen  and  moisture,  and  temperature,  are  involved  in  the  recur- 
rence and  severity  of  common  scab,  it  is  not  always  easy  to  predict 
when  scab  will  occur. 

RECOMMENDATIONS  FOR  CONTROL 

The  common  scab  organism  can  be  carried  from  one  season  to 
another  in  the  spots  on  the  tubers;  therefore,  seed  treatment  would 
appear  to  be  the  best  means  of  control.  Seed  treatment  has  not  been 
uniformly  successful  in  controlling  scab  in  the  succeeding  crop,  how- 
ever, chiefly  because  the  scab  organism  can  live  in  the  soil  for  a  long 
time.  If  the  soil  is  heavily  infested,  the  use  of  clean  or  disinfected 
seed  will  be  of  little  value  in  preventing  scab  from  developing  on  the 
new  tubers.  If  the  soil  is  acid,  scab  generally  fails  to  develop  even  if 
badly  infected  seed  is  planted.  Attempts  to  make  alkaline  soil  acid 
by  the  application  of  sulfur  at  the  rate  of  300  to  600  pounds  per  acre 
have  been  most  successful  on  the  lighter  types  of  soils,  but  even  on 
these  the  control  has  not  yet  been  entirely  satisfactory;  the  use  of 
sulfur  has  generally  reduced  somewhat  the  severity  of  scab  infections. 

The  development  and  use  of  scab-resistant  varieties  appear  to 
provide  the  best  future  possibility  of  successfully  growing  potatoes  on 
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scab-infested  land.  Considerable  progress  is  being  made  by  the 
United  States  Department  of  Agriculture  and  the  State  agricultural 
experiment  stations  in  developing  varieties  highly  resistant  to  common 
scab.  Menominee,  Ontario,  Cayuga,  and  Seneca  have  already  been 
introduced  as  commercial  varieties  highly  resistant  to  scab. 

Powdery  Scab 

The  distribution  of  powdery  scab,  caused  by  Spongospora  subter- 
ranea  (Wallr.)  Lagh.,  in  the  United  States  is  limited  to  moist,  cool 
regions.  It  has  been  found  in  a  number  of  States  from  Maine  to 
Minnesota  and  also  in  the  coast  counties  of  Oregon.  The  disease  does 
not  develop  when  the  temperature  is  very  high.  Because  it  has  not 
proved  so  serious  in  the  United  States  as  was  at  first  feared,  it  does 
not  seem  to  be  a  menace  to  the  national  potato  industry. 

The  disease  resembles  common  scab  somewhat  in  appearance,  but 
the  individual  spots  are  more  nearly  circular  and  on  an  average  are 
smaller  in  diameter.  When  fully  mature  the  open  pustules  are  filled 
with  a  brown  more  or  less  powdery  mass  of  spores  and  broken-down 
tissue  and  are  surrounded  by  fringed  remnants  of  the  skin.  In  the 
immature  stages  these  spots  are  closed  and  somewhat  raised;  they 
are  dark  on  the  outside  and  brown  or  olive  brown  on  the  inside  (fig.  10). 


Figure  10. — Potato  tuber  showing  the  mature  stage  of  powdery  scab. 
Note  that  the  open  pustules  are  surrounded  by  fringed  remnants  of  the 
skin. 

The  causal  fungus  lives  in  the  soil  and  infection  takes  place  during  the 
growth  of  the  tubers.  Under  some  conditions  diseased  seed  tubers 
may  introduce  powdery  scab  into  clean  soils. 

RECOMMENDATIONS  FOR  CONTROL 

Powdery  scab  is  not  satisfactorily  controlled  by  seed  treatment. 
Affected  tubers  should  not  be  used  for  seed  purposes  in  localities  with 
cool,  moist  climates.  Long  rotations  are  necessary  to  rid  the  soil  of 
the  organism  when  it  once  becomes  established. 
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Rhizoctonia  Canker  (Black  Scurf) 

Rhizoctonia  canker  (black  scurf),  caused  by  Rhizoctonia  solani 
Kuehn,  can  be  found  in  practically  every  potato-growing  section  of 
this  country. 

The  symptoms  may  consist  of  cankers  on  the  stolons,  which  cut  the 
tubers  off  from  the  main  stem  and  thus  prevent  their  further  develop- 
ment. Cankers  occasionally  develop  on  the  stems  of  older  plants,  but 
they  do  not  extend  so  deep  into  the  interior  as  to  destroy  the  parts 
above.  These  cankers  show  at  or  below  the  surface  of  the  soil  as 
irregular,  elongated  brown  areas  (fig.  11).  Such  cankers  interfere 
with  the  movement  of  the  elaborated  food  material  to  the  roots  and 
tubers  and  thus  suppress  their  normal  development.  The  vines 
become  yellow  or  reddish  yellow;  the  leaves  have  a  tendency  to  roll 
because  of  the  accumulation  of  food  above  the  canker;  the  stalks 
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Figure  11. — Potato  stalks,  roots,  and  stolons  showing  dead  cankerous 
areas  due  to  infection  originating  from  Rhizoctonia  sclerotia  on  the  tubers 
or  from  the  fungus  that  overwintered  in  the  soil. 
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become  swollen,  especially  at  the  nodes;  and  the  buds  enlarge  some- 
times to  the  size  of  small  tubers,  giving  rise  to  the  term  "aerial  tubers." 
This  term  is  also  applied  to  numerous  small,  irregular  tubers  produced 
on  short  stolons  at  the  surface  of  the  ground  when  cankers  on  the  main 
stem  or  on  the  stolons  below  ground  prevent  normal  tuber  formation. 

The  skin  of  infected  tubers  may  become  russeted,  sometimes  badly 
so;  the  appearance  of  rhizoctonia  canker  is  not  greatly  unlike  that  of 
common  scab.  The  roughening  of  the  skin  may  be  local  or  over  the 
entire  tuber  and  slight  to  very  pronounced.  This  type  of  russeting, 
which  is  sometimes  referred  to  as  russet  scab,  is  common  in  severely 
infested  fields,  particularly  if  the  soil  is  heavy  and  poorly  drained. 

The  fungus  that  causes  rhizoctonia  canker  ordinarily  shows  as 
small  brown-black  bodies  closely  adhering  to  the  skin  of  the  tuber. 
These  particles,  known  as  sclerotia  (fig.  12),  are  composed  of  a  compact, 
close  weft  of  mycelial  threads  and  represent  the  resting  stages  of  the 
fungus;  they  may  be  as  small  as  a  pinhead  or  as  large  as  a  half  pea. 


Figure  12. — Potato  tuber  affected  with  rhizoctonia  canker.     Note  the 
brown-black  bodies,  sclerotia,  closely  adhering  to  the  skin. 

When  introduced  into  the  soil  on  seed  tubers,  these  sclerotia  produce 
an  abundance  of  fungus  threads  that  attack  the  young  shoots,  roots, 
stolons,  and  tubers  of  the  new  crop.  Often  the  sprouts  are  attacked 
and  killed  by  the  fungus  before  they  reach  the  surface  of  the  ground. 
This  may  lead  to  the  production  of  other  new  sprouts  that  in  turn  have 
their  tips  killed,  with  the  result  that  a  rosette,  or  cluster,  of  sprouts, 
none  of  which  reaches  the  surface  of  the  ground,  is  formed. 

The  causal  fungus  is  able  to  live  as  a  saprophyte  for  a  long  time  even 
in  dry  soil.  Sclerotia  of  the  fungus  also  are  able  to  live  from  season 
to  season  on  perennial  plants.  They  carry  the  fungus  over  winter  and 
disseminate  it.  In  the  spring,  when  the  soil  becomes  warm  and  moist, 
the  sclerotia  develop  white  moldy  growths.  When  these  filaments 
come  in  contact  with  the  sprouts  or  the  stolons  of  potato,  they  pene- 
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trate  the  tissues  and  produce  the  brown  sunken  areas  already  described. 
Sometimes  sparse  whitish  fungus  growth  is  evident  on  the  green  stem 
a  short  distance  above  the  soil  line. 

Although  greatest  injury  to  the  sprouts  occurs  at  temperatures 
below  70°  F.,  lesions  may  be  produced  at  any  temperature  from  48°  to 
80°  if  other  conditions  are  favorable  for  growth  of  the  fungus. 

RECOMMENDATIONS  FOR  CONTROL 

Since  Rhizodonia  is  able  to  live  over  in  the  soil  and  its  sclerotia  can 
survive  on  the  surface  of  tubers,  both  of  these  facts  must  be  considered 
in  undertaking  control  measures.  Crop  rotation  is  not  always  as 
effective  in  eradicating  the  causal  organism  as  might  be  expected,  as 
weeds  and  many  cultivated  plants  besides  potato  are  susceptible. 
Planting  only  tubers  free  from  infection  with  Rhizodonia  or  treating 
slightly  affected  seed  tubers  with  mercuric  chloride  or  other  disin- 
fectants, as  described  on  page  10,  combined  with  crop  rotation,  pro- 
vides the  best  method  of  control. 

Wart 

Wart,  caused  by  Synchytrium  endobioticum  (Schilb.)  Perc,  was 
introduced  into  eastern  North  America  about  1912.  Now  it  is  found 
only  in  limited  districts  in  Pennsylvania,  Maryland,  and  West  Vir- 
ginia, where  it  is  mostly  confined  to  small  gardens.  It  has  caused 
serious  damage  for  many  years  in  Europe,  especially  in  certain  districts 
of  England  and  Ireland.  Since  its  distribution  in  this  country  is  so 
limited  it  is  not  considered  a  serious  problem  in  seed-potato  production. 

The  disease  is  characterized  by  warty,  cauliflowerlike  outgrowths  on 
the  underground  portions  of  the  plant.  These  warts  occur  abundantly 
on  the  tubers,  stolons,  and  underground  portions  of  the  main  stem 
(fig.  13).  They  vary  greatly  in  size.  Sometimes  the  entire  tuber  is 
converted  into  a  spongy,  warty  mass.  When  wart-affected  tissue  is 
left  in  the  soil  it  soon  becomes  broken  up  and  liberates  millions  of 
spores,  leaving  the  land  badly  infested  for  years. 

RECOMMENDATIONS  FOR  CONTROL 

Experiments  carried  on  in  Pennsylvania  have  shown  that  when 
wart-infested  soil  is  kept  in  sod  the  organism  may  remain  active  in  the 
soil  for  over  20  years.  If  the  soil  is  planted  with  nonsusceptible  crops 
and  is  cultivated  regularly,  the  organism  gradually  disappears  from  the 
soil  in  10  years  or  even  less.  A  thorough  eradication  program  is  now 
being  conducted  by  the  Pennsylvania  Department  of  Agriculture. 
Infested  soil  is  treated  with  ammonium  thiocyanate  at  the  rate  of 
2,000  pounds  per  acre  or  with  flaked  copper  sulfate  at  the  rate  of  2,500 
pounds  per  acre.  Treated  fields  are  then  planted  with  susceptible 
potato  varieties,  and  each  tuber  is  thoroughly  examined  at  digging 
time  for  the  presence  of  wart.  If  wart  fails  to  develop  in  treated  plots 
during  a  period  of  5  years,  it  is  assumed  that  it  has  been  completely 
eradicated.  It  is  believed  that  by  carrying  on  a  thorough  eradication 
program  eventually  wart  will  be  entirely  eliminated  from  Pennsylvania. 

The  potato,  the  nightshade  (Solarium  nigrum  L.),  the  true  bitter- 
sweet (S.  dulcamara  L.),  and  under  some  conditions  the  tomato  are 
the  only  plants  known  to  be  attacked  by  wart. 
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The  chief  and  most  reliable  means  of  control  is  the  use  of  immune 
varieties  of  potatoes,  such  as  Spaulding  Rose,  Green  Mountain,  Irish 
Cobbler,  and  Burbank. 
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Figure  13. — Underground  stem  of  a  potato  plant  with  warty  outgrowths, 

or  potato  warts. 

Early  Blight 

Early  blight,  caused  by  Alternaria  solani  (Ell.  and  G.  Martin)  Sor., 
also  known  as  leaf  spot,  is  widely  distributed  but  causes  considerably 
less  damage  than  late  blight. 

The  stems  and  potato  leaves  may  become  infected  and  develop 
brown  spots  which  as  they  enlarge  develop  concentric  rings  or  mark- 
ings that  produce  a  target-board  pattern  (fig.  14).  When  the  spots 
are  numerous  they  kill  the  leaves  and  consequently  reduce  the  yield 
of  potatoes. 

Small,  shallow,  more  or  less  circular,  decayed  lesions  are  sometimes 
formed  on  the  tuber.  The  margin  of  the  diseased  area  is  raised 
somewhat,  and  the  immediately  adjoining  skin  of  the  tuber  is  slightly 
puckered  (fig.  15).     The  lesions  may  afford  an  entrance  for  saprophyt- 
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Figure  14. — Potato  leaf  showing  early  blight  lesions. 

ic  molds  that  complete  the  rotting  of  the  tuber.  This  is  especially 
true  if  seed  potatoes  are  shipped  to  Florida  or  other  southern  points 
where  the  high  temperature  is  favorable  for  the  growth  of  decay 
organisms. 

RECOMMENDATIONS  FOR  CONTROL 

i|  Early  blight  can  be  successfully  controlled  by  early  and  thorough 
spraying  with  bordeaux  mixture  (p.  14).  In  preliminary  trials  Dithane, 
a  new  organic  fungicide,  combined  with  zinc  sulfate  and  lime  has 
given  excellent  control. 


33 


; 


/ 


/ 


Figure  15. — Potato  tuber  shoeing  superficial  lesions  caused  by  tbe  early 
bligbt  fungus  (Alternaria  solani). 

Late  Blight 

Late  blight,  caused  by  Phytophthora  infestans  (Mont.)  DBy.,  is 
one  of  the  most  destructive  diseases  in  the  New  England  and  North 
Central  States.  When  weather  conditions  are  favorable  it  may 
cause  considerable  loss  in  the  States  along  the  Pacific  coast  and  on 
the  eastern  seaboard  as  far  south  as  Florida.  Ordinarily  it  is  not  of 
great  importance  in  the  other  Southern,  the  Middle  Western,  or  the 
Pacific  Coast  States;  during  some  years  when  climatic  conditions  for 
the  development  of  the  disease  are  favorable,  however,  it  may  also 
occur  in  epidemic  form  in  these  sections. 

The  disease  is  known  as  late  blight  because  it  generally  attacks 
plants  at  the  blossoming  stage  or  afterward.  In  some  places,  includ- 
ing the  Pacific  coast  section  and  the  northern  Atlantic  seaboard, 
however,  the  disease  may  appear  much  earlier  in  some  seasons,  killing 
the  plants  as  early  as  June. 

Late  blight  appears  on  the  leaves  as  pale-green  irregular  spots. 
In  moist  areas  these  spots  increase  rapidly  in  size,  the  centers  of  them 
die  and  turn  brown  or  black,  and  sometimes  on  the  lower  sides  of  the 
leaves  white  mildew  develops  around  the  dead  areas.  The  stems 
may  be  affected,  and  under  humid  conditions  the  entire  vine  may  be 
killed  and  blackened  in  a  few  days.  The  decaying  tissues  give  off  a 
characteristic  odor,  which  becomes  very  pronounced  in  fields  that  are 
severely  attacked. 

Tubers  may  be  infected  while  in  the  soil  by  spores  washed  by  rain 
from  blighted  tops  and  after  digging  by  contact  with  spores  on 
blighted  foliage.  When  late  blight  rot  develops  on  tubers  in  the  soil 
it  spreads  irregularly  from  the  surface  through  the  flesh  like  the 
diffusion  of  a  brown  stain.  At  first  the  affected  tissue  is  dry  and 
firm,  but  the  blight  rot  is  often  followed  by  soft  rots  that  destroy  the 
tuber.     Some  blighted  tubers  rot  in  the  field,  especially  in  low  wet 
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spots.  In  storage  the  disease  is  typically  dry  rot  forming  irregular 
sunken  patches,  but  under  conditions  favorable  for  its  development, 
such  as  high  humidity  and  temperature,  it  may  involve  the  entire 
tuber.  At  low  storage  temperatures  the  patches  usually  remain 
firm;  frequently  they  have  a  metallic  tinge,  especially  at  the  border 
of  healthy  tissues. 

It  has  been  known  for  a  long  time  that  the  late  blight  fungus  may 
grow  from  the  diseased  seed  tuber  up  the  stem  to  the  surface  of  the 
soil,  sporulate,  and  there  cause  infection  of  the  foliage.  Experiments 
conducted  in  Maine  demonstrated,  however,  that  a  very  low  per- 
centage of  the  infected  tubers  develop  shoots  infected  with  late  blight. 
The  probable  reason  is  that  under  normal  field  conditions  the  diseased 
shoots  often  die  before  they  emerge  from  the  soil,  especially  when  the 
seed  pieces  are  planted  deep.  Although  the  number  of  seed  tubers 
that  develop  infected  shoots  is  very  small,  these  still  may  be  a  serious 
source  of  infection.  In  some  cases  infected  sprouts  may  emerge 
from  the  soil  and  die  1  or  2  days  later,  leaving  only  a  small  black  tuft 
of  decaying  tissue.  It  will  be  difficult  to  locate  this  later,  and  the 
vacant  spot  is  apt  to  be  attributed  to  a  missing  hill.  During  the  1 
or  2  days  that  the  sprout  is  above  ground,  the  spores  have  an  oppor- 
tunity to  spread  to  one  or  more  adjoining  plants  and  to  produce  an 
infection  spot  from  which  under  favorable  conditions  the  fungus  can 
spread  rapidly  to  other  plants  in  the  field. 

Observations  in  Maine  and  other  States  have  demonstrated  that 
piles  of  cull  potatoes  dumped  beside  potato  storage  houses,  along 
railway  tracks,  or  on  farms  are  a  primary  source  of  infection.  These 
cull  piles  often  contain  a  high  percentage  of  tubers  infected  with  late 
blight.  Some  of  these  will  develop  infected  sprouts.  The  spores 
from  these  may  infect  sprouts  of  healthy  tubers  until  practically  the 
entire  pile  becomes  infected.  Such  infections  generally  develop 
during  the  early  part  of  the  growing  season  before  most  growers  have 
begun  to  spray.  The  spores  may  be  carried  by  the  prevailing  winds 
to  the  neighboring  fields  and  infect  the  young  potato  plants  (fig.  16). 


Figure  16. — Potato  field  heavily  infected  with  late  blight  as  a  result  of 
spread  of  the  disease  from  a  nearby  infected  cull  pile.  (By  courtesy  of 
the  Maine  Agricultural  Experiment  Station.) 
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Early  infections  spread  rapidly  when  weather  conditions,  such  as 
drifting  mist  and  fog  and  wind-blown  rains,  are  favorable.  Late 
blight  when  first  observed  in  the  field  often  appears  as  isolated  small 
spots  on  the  top  leaves  or  stems  of  the  potato  plants,  indicating  that 
spores  have  been  brought  in  from  a  distance.  The  fact  that  the 
disease  may  appear  in  this  way  at  about  the  same  time  in  a  number 
of  fields  distributed  over  a  large  area  indicates  wind  dissemination. 

RECOMMENDATIONS  FOR  CONTROL 

Affected  tubers  should  not  be  used  for  seed,  because  generally  they 
fail  to  sprout  and  broken  stands  result  or  they  give  rise  to  diseased 
plants  that  act  as  centers  of  infection  for  the  entire  field. 

Because  cull  piles  constitute  one  of  the  chief  sources  of  early  infec- 
tion with  late  blight  their  elimination  will  do  much  to  prevent  the 
spread  of  the  disease.  These  potato  dumps  should  be  treated  with 
a  herbicide  to  destroy  the  potato  sprouts  or  with  bordeaux  mixture 
or  a  copper  sulfate  solution  (10  pounds  to  50  gallons  of  water)  to 
control  infection.  In  view  of  the  difficulty  of  destroying  potato 
tops  on  dump  piles,  however,  it  would  be  much  better  not  to  deposit 
waste  potatoes  at  all.  Disposing  of  them  by  boiling,  burning,  or 
feeding  to  livestock  will  prevent  development  of  infected  plants  and 
the  subsequent  job  of  spraying  or  destroying  the  tops. 

Spraying  for  the  control  of  late  blight  should  begin  when  the  plants 
are  about  4  inches  high  and  before  the  disease  appears.  The  foliage 
should  be  thoroughly  covered  with  bordeaux  mixture.  A  detailed 
account  of  methods  of  preparing  and  applying  sprays  is  given  on  page 
14  and  of  dusts  on  page  15. 

If  potato  fields  with  partly  blighted  vines  are  dug  during  moist 
weather  considerable  tuber  rot  may  develop.  In  running  the  digger 
over  the  vines,  blight  spores  are  scattered  upon  the  tubers.  Many 
farmers  fail  to  detect  the  disease  if  it  is  present  in  small  amounts  on 
the  partially  dead  stalks  and  leaves,  or  they  consider  that  such  a  small 
amount  of  blight  will  cause  no  loss.  If  the  freshly  dug  tubers,  how- 
ever, are  picked  up  moist  and  taken  immediately  to  storage  or  to 
pits  without  drying,  ideal  conditions  exist  for  the  development  of  a 
high  percentage  of  tuber  rot.  Very  little  or  no  rot  occurs  when  the 
potato  tops  are  completely  killed  by  blight  early  in  the  season,  because 
by  digging  time  all  spores  are  dead. 

To  avoid  late  blight  tuber  rot  it  is  best  to  delay  digging  the  potatoes 
until  2  weeks  after  the  tops  are  dead,  preferably  until  after  a  frost 
has  killed  the  vines.  In  order  to  kill  as  many  of  the  spores  as  possible 
it  may  sometimes  be  necessary  to  spray  the  old  vines  and  the  entire 
soil  surface  with  a  solution  of  copper  sulfate  (10  pounds  in  50  gallons 
of  water) ;  this  applies  especially  in  cases  when  infection  occurs  late 
in  the  season  and  the  spores  are  still  viable  at  digging  time. 

Although  most  common  potato  varieties  are  very  susceptible  to 
late  blight,  Sebago,  one  of  the  new  late  varieties  developed  by  the 
United  States  Department  of  Agriculture,  is  moderately  resistant  and 
during  years  of  moderate  blight  epidemics  will  produce  a  g;ood  crop 
without  any  spraying.  Better  results  are  obtained  if  even  this  variety 
is  sprayed  during  such  years,  but  the  applications  may  be  less  frequent 
than  on  susceptible  varieties.  Other  varieties  which  are  even  more 
resistant  than  the  Sebago  (figs.  17  and  18)  are  being  developed  by  the 
United  States  Department  of  Agriculture  in  cooperation  with  the 
State  agricultural  experiment  stations. 
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Figure  17. — Potato  field  showing  contrast  between  susceptible  plants 
killed  by  late  blight  (foreground)  and  vigorous  plants  resistant  to  it. 


Figure  18. — A,  Severely  rotted  tubers  of  a  potato  variety  susceptible  to 
late  blight;  B,  healthy  tubers  from  plants  of  a  resistant  variety  exposed 
to  infection. 
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Wilts 

Potato  wilts  may  be  caused  by  Fusarium  oxysporum  Schleeht.,  F. 
eumartii  Carpenter,  F.  solani  (Mart.)  Appel  and  Wr.,  F.  avenaceum 
(Ft.)  Sacc,  and  Verticillium  albo-atrum  Reinke  and  Berth.  Wilts  are 
widely  distributed,  but  the  wilt  caused  by  Verticillium  is  generally 
confined  to  the  northern  sections,  since  it  does  not  attack  plants  at 
relatively  high  temperatures.  Wilts  caused  by  different  species  of 
Fusarium  may  be  found  in  both  the  North  and  the  South. 

The  symptoms  produced  on  potato  by  Fusarium  oxysporum  and 
Verticillium  albo-atrum  are  so  similar  that  they  may  be  discussed 
together.  Attacked  plants  may  wilt  rather  suddenly  and  die  in  a 
comparatively  short  time,  or  they  may  show  the  effects  of  infection 
slowly  and  succumb  very  gradually.  Plants  produced  from  infected 
tubers  may  be  stunted  from  the  beginning  and  die  without  reaching 
average  size.  Such  vines  have  a  more  spindling  growth  than  healthy 
ones  and  a  yellowish-green  color.  There  may  also  be  some  curling  and 
rolling  of  the  leaflets  and  tip  burning.  Such  vines  die  prematurely 
while  the  stalks  remain  upright,  except  for  the  tips,  which  may  droop. 
When  the  vines  from  healthy  tubers  contract  the  disease  from  neighbor- 
ing plants  or  from  the  soil  they  show  the  first  indication  in  the  yellowing 
and  drooping  of  the  lower,  older  leaves.  Some  curling  and  rolling  of 
the  leaflets  and  some  tip  burning  may  occur.  Such  vines  die  pre- 
maturely, but  the  stalks  except  for  the  drooping  tips  remain  upright. 
The  yellowing  and  drying  of  the  leaves  proceed  from  the  base  upward 
until  often  only  a  cluster  of  green  leaves  remains  at  the  top.  On  hot 
davs  vellowing  is  preceded  bv  wilting  of  the  leaves  and  even  of  the 
stalk  (fig.  19). 

The  interior  of  the  stems  of  affected  plants  is  invariably  discolored. 
The  woody  tissues  of  such  stems  are  yellow  to  brown,  often  from  the 
base  well  into  the  top.  In  some  cases  the  young  top  leaves  wilt  and 
die  before  the  lower  ones,  and  they  may  have  the  appearance  of  being 
scalded.  If  these  symptoms  are  due  to  wilt,  the  base  of  the  stalk 
may  show  brown  woody  tissue  when  the  cortex  is  cut  away.  The 
brown  color  may  extend  all  the  way  around  the  stem  or  may  be 
confined  to  one  side.  All  the  fine  feeding  roots  and  the  cortex  of  the 
larger  taproot  decay.  Tubers  from  affected  plants  may  show  a  brown 
or  black  discoloration  of  the  vessels.  Because  discoloration  of  the 
vascular  ring  of  the  tubers  and  stems  may  be  brought  about  by  other 
conditions  it  cannot  be  considered  a  sure  symptom  of  wilt. 

If  wilt  is  due  to  Fusarium  eumartii,  the  symptoms  vary  slightly  from 
those  just  described.  The  first  indications  of  the  disease  on  the  foliage 
are  small,  light -green  areas  between  the  veins  of  the  leaflets,  which  give 
a  mottled  appearance.  These  gradually  turn  yellow.  Yellowing  is 
often  accompanied  by  a  bronzing  of  the  upper  surface  of  the  leaf  in 
small,  irregular  spots.  The  rapidity  of  the  development  of  the  symp- 
toms on  the  foliage  is  greatly  influenced  by  the  extent  of  infection  in 
the  roots  and  stems,  by  the  rate  of  transpiration,  and  by  the  available 
moisture.  If  the  soil  moisture  is  high,  the  foliage  symptoms  may  never 
advance  to  the  wilting  stage.  Under  such  conditions  the  leaves  may 
show  yellowing,  rolling,  and  rosetting,  sometimes  accompanied  by  the 
development  of  aerial  tubers  and  other  symptoms  which  follow  injury 
to  the  stem.  In  case  of  a  slight  attack  the  plants  may  never  show 
symptoms  more  severe  than  the  faint  mottling.     With  medium  soil 
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moisture  and  a  heavy  infection  the  mottling  becomes  extended  until 
the  whole  leaf  surface  is  involved  and  the  leaf  turns  yellow,  dries,  and 
droops,  often  hanging  to  the  stem  by  a  thread.  Sometimes  an  internal 
blackening  of  the  small  veinlets,  the  veins,  and  the  petioles  is  observa- 
ble at  the  surface. 


Figure  19. — Potato  plant  showing  wilt  caused  by  Fusarium  oxysporum. 
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When  infection  takes  place  through  the  roots,  the  root  hairs  and 
fine  roots  will  often  be  completely  destroyed.  Under  dry  conditions 
the  cortex  of  the  affected  roots  is  brittle  and  breaks  off  easily.  In  this 
type  of  infection  the  disease  works  up  and  down  the  stem  from  the 
base  of  the  infected  roots;  also  the  browning  is  most  conspicuous  in 
the  vascular  region  but  gradually  extends  through  the  pith  cells,  ap- 
pearing as  a  light -brown  discoloration,  or  necking.  This  discoloration 
in  the  pith  is  more  marked  at  the  nodes. 

Tuber  infection  in  the  field  always  occurs  through  the  stolons.  One 
of  the  symptoms  on  the  tuber  is  a  dark  discoloration  of  the  surface  at 
the  stem  end,  and  the  affected  stolon  often  remains  attached.  The 
area  showing  the  discoloration  gradually  becomes  sunken,  and  a  slight 
wrinkling  of  the  tissue  occurs  at  the  edges.  Sections  of  such  affected 
tubers  show  a  variety  of  internal  symptoms.  The  least  common  of 
these  is  stem-end  rot  with  no  vascular  discoloration.  Stem-end  rot 
with  vascular  discoloration  accompanied  by  a  soft  rot  of  the  adjacent 
tissue  is  the  most  common  type.  Usually  the  discoloration  is  a  band 
of  light-brown  tissue  from  5  to  10  mm.  wide,  but  sometimes  it  extends 
the  entire  length  of  the  tuber.  The  discoloration  that  precedes  the 
stem-end  rot  may  appear  as  a  black  network  or  as  a  brown  flecking  of 
the  tissue.  Vascular  discolorations  of  all  types  described  may  occur 
in  the  absence  of  any  stem  rot. 

RECOMMENDATIONS  FOR  CONTROL 

The  fungi  causing  wilts  are  able  to  pass  the  winter  in  affected  tubers 
and  in  the  soil,  but  severe  attacks  have  occurred  in  soils  in  which  pota- 
toes had  not  been  grown  previously.  Since  the  wilt  fungi  are  also 
carried  over  in  seed  potatoes,  only  wilt-free  seed  potatoes  should  be 
used. 

Dry  Rots 

Dry  rots,  caused  by  Fusarium  coeruleum  (Lib.)  Sacc.  and  F.  tricho- 
thecioides  Wr.,  are  generally  referred  to  as  storage  dry  rots;  some  form 
is  likely  to  occur  wherever  potatoes  are  stored.  The  one  caused  by 
F.  coeruleum  seems  to  be  the  commonest.  The  powdery  dry  rot, 
which  is  caused  by  F.  trichothecioides,  is  limited  chiefly  to  sections 
having  warm,  dry  summers  and  is  prevailingly  western  in  distribution. 

Tubers  affected  with  powdery  dry  rot  shrink  considerably  and  in  the 
interior  often  develop  large,  hollow  pockets  partly  filled  with  a  brick- 
colored  powdery  mass  of  fungus  growth.  Pinkish  or  whitish  tufts  of 
fungus  growth  are  occasionally  produced  freely  on  the  surface  of  the 
sunken  rotten  areas. 

Tubers  affected  with  the  dry  rot  caused  by  Fusarium  coeruleum 
show  large  sunken  pockets  or  a  wrinkled  decay.  Numerous  bluish  or 
whitish  points,  or  protuberances,  are  often  formed  on  the  decayed 
parts  (fig.  20). 

Many  virgin  and  cultivated  soils  are  infested  with  these  organisms; 
the  species  predominating  depends  on  the  conditions.  Scrapings  from 
soil  adhering  to  tubers  have  in  many  cases  been  shown  to  contain  the 
causal  organism.  Even  though  these  fungi  are  present  on  tubers  they 
do  not  cause  infection  unless  temperature  and  moisture  conditions  are 
favorable  for  the  germination  of  the  spores  and  growth  of  the  causal 
fungi.     Recent  experiments  conducted  in  Colorado  showed  that  when 
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potatoes  were  bruised,  stabbed,  scuffed,  or  otherwise  injured  rot  de- 
veloped in  7  to  14  days  at  room  temperatures,  provided  the  tubers  were 
sprinkled  with  a  suspension  of  spores  of  Fusarium  coeruleum  and  kept 
under  humid  conditions.  On  the  other  hand,  tubers  treated  in  the 
same  manner  but  not  injured  did  not  rot.  Of  the  types  of  injury 
studied,  bruising  seemed  to  be  associated  with  the  greatest  degree  of 
rotting.  Dropping  a  large  tuber  a  distance  of  18  inches  caused 
sufficient  injury  to  allow  rotting. 
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Figure  20. — Potato  tuber  sliced  lengthwise  to  show  dry  rot  caused  by 

Fusarium  coeruleum. 


RECOMMENDATIONS  FOR  CONTROL 


Prevention  of  dry  rots  consists  essentially  in  careful  handling  to  re- 
duce mechanical  injury  to  a  minimum.  Control  consists  funda- 
mentally in  storing  the  tubers  in  air  sufficiently  humid  to  promote 
suberization  and  after  that  in  keeping  them  dry.  The  dry  rot  fungi 
will  not  grow  at  temperatures  above  86°  F.  or  below  41°.  The  best 
growth  of  these  fungi  is  obtained  between  70°  and  75°;  consequently, 
potatoes  will  rot  most  rapidly  at  this  temperature  range.  At  temper- 
atures between  41°  and  55°  rot  progresses  very  slowly. 
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Flea  Beetle  Injury 

As  stated  previously,  three  species  of  flea  beetles  attack  potatoes, 
namely  the  potato  flea  beetle  (Epitrix  cucumeris),  the  western  potato 
flea  beetle  (E.  subcrinita),  and  the  tuber  flea  beetle  (E.  tuberis).  The 
first  is  probably  the  most  important  of  the  three  species  for  the  country 
as  a  whole.  The  damage  caused  by  the  feeding  of  the  adult  beetles  on 
the  foliage  is  considerable,  but  the  loss  caused  by  the  feeding  of  the 
larvae  on  the  tubers  is  unquestionably  of  more  importance.  The 
larvae  live  in  the  soil  and  feed  on  the  roots  and  developing  tubers. 
The  feeding  of  larvae  on  or  near  the  surface  of  the  tubers  causes 
roughened,  pustulelike  scars;  deeper  feeding  also  causes  the  formation 
of  corky  slivers  about  one-fourth  inch  long  that  extend  into  the 
potato  at  right  angles  to  the  surface.  Tuber  injury  may  further  be 
increased  by  common  scab  infection  in  the  wounds  made  by  the 
larvae;  such  infections  cause  the  scars  to  increase  in  size  and  depth 
(fig.  21).  Flea  beetle  injury  produces  an  unsightly  tuber,  and  severe 
infestation  may  greatly  reduce  the  vigor  of  seed  potatoes.  For  this 
reason  the  control  of  this  injury  plays  an  important  part  in  the  pro- 
duction of  seed  potatoes. 


RECOMMENDATIONS  FOR  CONTROL 

Spray  experiments  conducted  in  Virginia  against  Epitrix  cucumeris 
showed  that  the  most  effective  control  was  obtained  by  spraying  the 
plants  with  4-6-50  bordeaux  mixture  to  which  2  pounds  of  calcium 
arsenate  had  been  added.  The  best  results  were  obtained  with  this 
material  when  it  was  applied  six  times  at  7-  to  10-day  intervals 
throughout  the  growing  season.  Late  spraying  seemed  to  be  more 
important  than  early  spraying  because  the  new  brood  of  beetles, 
which  appears  about  June  20  on  the  Eastern  Shore  of  Virginia,  is 
more  abundant  and  injurious  than  the  overwintering  brood  found 
in  the  field  earlier  in  the  season.     (See  warning,  p.  14.) 

As  the  potato  flea  beetles  feed  on  both  surfaces  of  the  leaves,  care 
should  be  taken  that  the  nozzles  of  the  sprayer  are  so  adjusted  that 
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Figure  21. — A-B,  Potato  tubers  showing  tracks  caused  by  larvae  of  flea 
beetle;  scab  infection  takes  place  readily  in  such  tubers.  C,  Section  of 
tuber  showing  internal  injury  caused  by  the  larvae. 
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the  undersurface  of  the  leaves  will  be  thoro uglily  covered  with  the 
material  used. 

Spray  experiments  in  the  State  of  Washington  also  demonstrated 
that  calcium  arsenate  added  to  bordeaux  mixture  was  the  most 
effective  of  the  combination  treatments,  but  complete  control 
over  tuber  injury  was  never  obtained .  Flea  beetles  may  be  controlled 
by  insecticide  dusts  containing  45  percent  of  cryolite  (approximately 
40  percent  of  sodium  fluoaluminate)  and  55  percent  of  talc  or  25  to 
40  percent  of  calcium  arsenate  and  60  to  75  percent  of  talc.  DDT 
sprays  and  dusts  are  also  effective. 

It  was  definitely  demonstrated  in  the  State  of  Washington  that  the 
dates  on  which  potatoes  are  planted  have  a  direct  bearing  on  the 
severity  of  the  flea  beetle  injury  to  tubers.  This  relation  is  largely 
due  to  the  life  history  of  the  insect,  as  there  are  only  one  complete 
generation  •  and  a  partial  second  generation  annually.  In  order  to 
escape  invasion  of  the  new  tubers  by  the  larvae,  it  is  recommended 
that  early  potatoes  be  planted  during  March  if  possible  and  not  later 
than  April  19.  Late  potatoes  should  be  planted  between  June  15 
and  July  15.  Potatoes  planted  during  this  period  developed  tubers 
relatively  free  from  tuber  damage  without  the  use  of  any  insecticide. 
Similar  results  were  obtained  in  Oregon. 

EELWORMS,  OR  NEMATODES,  THAT  CAUSE  DISEASES 

OF  POTATOES  3 

Numerous  species  of  eel  worms,  or  nematodes,  attack  the  roots  and 
tubers  of  potato  plants,  but  at  present  only  five  of  these  are  known  to 
be  serious  pests  on  this  crop  in  the  United  States.  They  are  the  root 
knot  nematode  (Heterodera  marioni  (Cornu)  Goodey),  the  golden 
nematode  of  potatoes  (H.  rostochiensis  Wr.),  the  potato  rot  nematode 
(Ditylenchus  destructor  Thorne),  Scribner's  meadow  nematode  (Praty- 
lenchus  scribneri  Steiner),  and  the  smooth-headed  meadow  nematode 
(P.  leiocephalus  Steiner).  Nematodes  are  more  of  a  limiting  factor 
in  potato  production  than  is  usually  assumed;  their  presence  in 
plantings  is  often  overlooked.  Since  all  of  these  pests  attack  the 
tubers,  infected  potatoes  are  one  of  the  principal  means  of  spreading 
them. 

Root  Knot  Nematode 

At  present  the  root  knot  nematode  appears  to  be  distributed  over 
the  main  potato-producing  sections  of  this  country.  In  the  past  it 
was  considered  exclusively  a  pest  of  the  South,  but  in  recent  years  it 
has  been  observed  in  the  potato  land  of  even  our  most  northerly 
States.  The  root  knot  nematode  attacks  the  roots  and  causes  knots, 
irregular  swellings,  and  malformations,  which  are  frequently  called 
root  galls.  Later  in  the  season,  after  root  growth  stops,  it  attacks 
the  potatoes  themselves,  disfigures  them,  and  often  renders  them 
unsalable  by  the  formations  of  knotty  outgrowths  and  blackened, 
shriveled,  and  cracked  surfaces.  When  cut,  such  potatoes  often  show 
whitish,  spherical,  glistening  spots;  these  are  smaller  than  a  pinhead, 
just  visible  to  the  naked  eye,  and  are  located  just  beneath  the  surface 
of  the  tuber.  Each  of  these  spots  represents  a  female  root  knot 
nematode  (fig.  22).     Still  later  the  affected  tissue  turns  black  and 

3  Prepared  by  G.  Steiner,  head,  Division  of  Nematology,  Bureau  of  Plant 
Industry,  Soils,  and  Agricultural  Engineering. 
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Figure  22. — A.  Potato  tuber  showing  the  common  type  of  injury  caused 
by  the  root  knot  nematode.  B,  Cross  section  of  tuber  shown  in  A. 
Note  the  small  spherical  female  nematodes  embedded  in  the  tissue 
(indicated  by  arrows).  C.  Root  knot  injury  of  type  found  in  Florida 
and  some  other  Southern  States;  note  the  prominent  knots  protruding 
from  the  surface  of  the  tuber.  Seemingly  a  different  race  of  the  root 
knot  nematode  causes  this  different  symptom. 

eventually  decays.  By  attacking  the  roots,  the  root  knot  nematode 
deprives  the  potato  plant  of  much  of  its  vigor.  It  particularly  inter- 
feres with  the  intake  of  moisture,  so  that  heavily  attacked  plants 
often  wilt  during  the  hot  period  of  the  day.  By  disfiguring  the 
tubers,  it  does  additional  damage.  Under  northern  conditions  only 
two  or  three  generations  of  the  nematode  may  be  produced  during  the 
summer,  whereas  in  the  South  a  larger  number  of  generations  is 
possible  during  the  longer  growing  season.  Therefore,  in  northern 
plantings  the  damage  is  less  pronounced. 

RECOMMENDATIONS  FOR  CONTROL 

Since  the  root  knot  nematode  is  less  active  during  cool  weather, 
early  planting  of  the  potatoes  is  recommended  so  that  the  plants  may 
form  good  root  systems  before  the  main  invasion  occurs.  On  the 
other  hand,  potatoes  planted  late  in  the  season  will  often  be  unable 
to  form  normal  feeding  roots  because  the  nematodes  will  immediately 
invade  and  injure  most  of  the  young  roots  or  all  of  them.  Such 
plants  will  be  dwarfed  and  die  prematurely. 

A  3-year  crop  rotation  will  suffice  to  control  the  root  knot  nema- 
tode. Grains  are  generally  the  most  satisfactory  rotation  crops.  In 
the  South  land  heavily  infested  with  root  knot  may  be  cleaned  by 
growing  immune  cover  crops  for  at  least  one  season;  Crotalaria  specta- 
bilis  or  C.  juncea  in  summer  and  oats  in  winter  are  recommended. 
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Flooding  of  the  land  for  several  months  has  been  found  to  reduce 
infestation.  Under  dry  conditions  fallow,  combined  with  repeated 
plowing  and  cultivation  of  infested  land  during  the  hot  season,  has 
also  been  found  to  reduce  an  infestation.  Where  crop  values  permit, 
the  nematode  may  be  controlled  effectively  by  soil  fumigation  with 
one  of  the  highly  nematocidal  and  less  expensive  fumigants  such  as 
D-D,  Dowfume  N,  or  Dowfume  W  at  concentrations  recom- 
mended by  the  manufacturers.  Since  tubers  are  perhaps  the  most 
important  factor  in  the  distribution  of  the  root  knot  nematode  on 
potatoes,  it  is  essential  to  plant  only  seed  potatoes  that  are  absolutely 
free  from  infection. 

Golden  Nematode  of  Potatoes 


The  golden  nematode  is  considered  a  most  serious  potato  pest 
wherever  it  occurs.  At  present  it  is  known  in  only  one  locality  in 
the  United  States,  a  district  on  Long  Island,  N.  Y.,  and  efforts  are 
being  made  to  eradicate 
it.  The  golden  nema- 
tode resembles  the  root 
knot  nematode,  because 
the  females  j  also  swell 
and  form  spherical 
bodies.  However,  the 
females  of  the  golden 
nematode  are  transform- 
ed into  very  resistant 
cysts,  which  contain  and 
protect  the  eggs  and 
young  larvae.  These 
cysts  may  persist  in  the 
soil  for  many  years  and 
release  active  larvae  for 
at  least  8  years.  These 
nematodes  too  attack 
the  roots  first,  entering 
as  small,  e[el-shaped 
larvae  which  become 
sedentary  and  then  begin 
to  swell.  Later  the  fe- 
males protrude  from  the 
surface  of  the  root  as 
white,  elongate  bodies 
that  become  spherical  as 
they  approach  maturity  ; 
they  change  color  slowly, 
first  to  golden,  then  to 
brown,  and  finally  to 
dark  brown  (fig.  23).  Figure  23.— Greatly  magnified  potato  roots 
Later  in  the  season  the  infected  with  the  golden  nematode  of  pota- 
nematodes  also  attack  toes,  showing  the  protruding  pinheadlike 
the  tubers.  female  bodies  (indicated  by  arrows). 
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"When  mature  most  of  the  females  drop  from  the  roots  or  tubers 
and  remain  in  the  soil;  others  may  remain  on  the  tubers,  in  debris  of 
roots,  in  the  soil  clinging  to  tubers,  or  loose  in  potato  bags.  Thus, 
they  might  be  distributed  to  distant  regions.  Field  infestations  may 
be  noticed  first  by  patches  of  potato  plants  with  weak,  spindly  stems 
and  stunted  tops.  The  leaves  on  these  tops  usually  wither  and  drop 
off,  the  lower  ones  first.  Eventually  the  whole  plant  withers  and  dies 
prematurely. 

The  golden  nematode  does  not  disfigure  tubers  even  in  heavily 
infested  land.  They  will  appear  healthy,  and  the  surface  will  be 
smooth  and  clean;  but  the  crop  will  consist  of  small  culls  and  will 
eventually  be  a  failure,  sometimes  not  even  returning  the  seed. 
Because  of  the  deceptively  clean  appearance  of  the  tuber,  the  pest 
may  not  be  noticed  until  crop  yields  decline  and  the  land  turns 
"potato  sick."  When  this  occurs,  the  infestation  has  already  reached 
a  serious  stage. 

RECOMMENDATIONS  TOR  CONTROL 

Control  by  rotation  is  difficult  because,  as  mentioned  previously, 
the  cysts  persist  in  the  soil  and  release  viable  larvae  for  at  least  8 
years.  Profitable  potato  crops  may  then  be  grown  only  every  third, 
fourth,  fifth,  sixth,  or  seventh  year,  according  to  the  degree  of  infes- 
tation. Treatment  of  infested  land  with  a  soil  fumigant  such  as 
D-D.  Dowfume  X.  or  Dowfunie  W  is  at  present  considered  the 
best  control  procedure. 

Potato  Rot  Nematode 

As  the  name  implies,  the  potato  rot  nematode  is  mainly  a  pest  of 
tubers.  At  present  this  pest  is  known  to  occur  in  only  one  locality 
in  this  country,  a  district  in  Idaho. 

The  causal  nematode  does  not  form  a  cyst  or  swell  to  a  spherical 
body,  but  it  remains  eel-shaped.  The  larvae  enter  a  tuber  and  move 
through  the  tissue  near  the  surface;  later  they  penetrate  deeper  and 
induce  decay.  The  nematodes,  however,  feed  on  healthy  tissue  only 
and  will  therefore  migrate  continually  to  what  healthy  tissue  remains 
until  the  potato  finally  rots  (fig.  24). 

RECOMMENDATIONS  TOR  CONTROL 

To  prevent  spread  of  the  potato  rot  nematode  only  healthy  seed 
potatoes — those  having  no  signs  of  decay  and  no  sunken,  discolored, 
or  cracked  surface  lesions — should  be  planted.  A  3-year  rotation  is 
necessary  to  reduce  or  control  a  soil  infestation. 

Scribner's  Meadow  Nematode 

At  present  Scribner's  meadow  nematode  is  known  to  be  distributed 
through  many  States  east  of  the  Rocky  Mountains.  The  surface  of 
affected  tubers  is  characterized  by  small,  scattered,  sunken,  discolored 
areas  called  pimples.  At  first  these  pimples  may  easily  be  overlooked; 
later  they  become  clearly  marked,  and  entire  areas  will  be  sunken  and 
surrounded  by  depressed  borders.     Still  later,  as  tubers  shrivel,  they 
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Figure  24. — Surface  (A,  B)  and  cross  section  of  potato  tubers  (C,  D) 
infected  by  the  potato  rot  nematode.  Note  the  decay  induced  originally 
by  the  entrance  of  the  microscopic  eelworms. 

may  become  hard,  dry  mummies.  If  the  tissue  of  such  pimples,  or 
sunken  areas,  is  teased  apart  and  studied  under  a  microscope,  short, 
cylindrical  eelworms  are  seen;  these  belong  to  a  group  called  meadow 
nematodes  (fig.  25).  The  eelworms  enter  roots  and  tubers,  migrate 
through  the  tissues,  and  feed  on  the  cell  contents,  depositing  their 
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eggs  as  they  travel. 
Usually  eggs,  various 
larval  stages,  and 
adults  are  found  to- 
gether. Decay  organ- 
isms follow  in  their  trail 
and  small  or  large 
lesions  are  produced. 

RECOMMENDATIONS 
FOR  CONTROL 

Crop  rotation  for  2 
or  3  }7ears,  combined 
with  selection  of 
healthy  seed,  appears 
to  be  the  most  eco- 
nomical means  of 
control  for  Scribner's 
meadow  nematode. 

Figure  25. — Pimply  potato  tuber  infected  by       Smooth-Headed 
Scribner's  meadow  nematode    showing  some  Meadow  Nematode 
oi  the  characteristic  sunken,  bordered  areas. 

From  one  of  the  smaller  pimples  (at  arrow)        The  smooth-headed 
335  nematodes  were  dissected.  meadow  nematode  has 

been  observed  on  pota- 
toes only  in  the  Southern  States,  and  it  attacks  the  roots  of  various 
other  crops  in  that  region.  The  disease  symptoms  produced  on  pota- 
toes appear  essentially  the  same  as  those  produced  by  Scribner's 
meadow  nematode,  and  the  control  procedure  is  similar. 

VIRUS  AND  VIRUSUIKE  DISEASES 

No  other  group  of  diseases  is  more  responsible  than  the  virus  dis- 
eases for  the  failure  of  potato  fields  to  meet  requirements  for  seed- 
potato  certification.  This  group  includes  rugose  mosaic,  mild  mosaic, 
spindle  tuber,  leaf  roll,  calico,  yellow  dwarf,  witches'-broom,  and  others 
of  less  importance.  All  of  the  viruses  known,  except  the  purple-top 
wilt  virus,  are  carried  in  the  tubers.  Fungi  and  bacteria  causing  plant 
diseases  can  be  isolated  from  infected  plant  tissue  and  cultured  on 
artificial  media  so  that  the  characteristics  of  the  organisms  can  be 
studied  in  detail.  Such  studies  cannot  be  made  with  individual  vi- 
ruses, however,  since  no  one  has  yet  succeeded  in  growing  a  virus  on 
nonliving  material.  The  characteristics  of  viruses  are  quite  different 
from  those  of  fungi  and  bacteria,  and  it  has  not  yet  been  definitely 
established  whether  a  virus  is  living  or  nonliving.  Recent  investiga- 
tions indicate  that  some  virus  diseases  are  caused  by  complex  protein 
substances  which  multiply  rapidly  when  introduced  into  a  plant  and 
become  generally  established  in  every  living  part.  The  virus  particle 
is  so  small  that  it  cannot  be  detected  under  the  compound  microscope, 
and  it  passes  through  a  porcelain  filter  which  excludes  the  smallest 
bacterium. 

Potato  viruses  can  spread  from  plant  to  plant  in  different  ways, 
which  may  be  roughly  divided  into  artificial  and  natural.  The  arti- 
ficial methods  are  used  entirely  as  a  means  to  study  the  characteristics 
of  viruses   and   to   test  potato   varieties    for    resistance.     They  are 
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inoculation  by  juice  transfer  and  grafting.  The  juice-transfer  meth- 
od consists  of  extracting  the  juice  from  a  virus-infected  plant  and 
rubbing  it  over  the  leaf  surface  with  a  piece  of  cloth.  It  is  necessary 
to  rub  the  leaves  sufficiently  to  produce  a  wound;  otherwise  the  virus 
cannot  enter  the  plant.  The  mosaics  are  most  easily  transmitted,  but 
some  of  the  potato  viruses  cannot  be  transmitted  by  this  method  or 
can  be  transmitted  by  it  only  with  great  difficulty. 

All  potato  viruses  known  can  be  transmitted  by  grafting,  which 
consists  of  an  organic  union  between  scion  and  host  plant.  This  is  the 
only  artificial  method  by  which  the  leaf  roll  virus  can  be  transferred. 

Potato  viruses  can  spread  naturally  by  contact  of  infected  and 
healthy  plants  and  by  means  of  insects.  The  latent  mosaic  is  the  out- 
standing and  only  example  of  spread  by  contact  of  the  foliage. 

The  most  important  method  of  spread  of  potato  viruses  is  by  insects. 
Except  for  the  spindle  tuber  virus,  which  can  be  transmitted  by  some 
of  the  chewing  insects,  transmission  is  by  sucking  insects,  chiefly 
aphids.  Myzus  persicae  (Sulz.),  M.  convolvuli  (Kltb.),  Macrosiphum 
solanifolii  (Ashm.),  and  Aphis  abbreviata  Patch  are  the  species  most 
commonly  involved.  The  mouth  parts  of  these  insects  consist  of  a 
beak  in  which  slide  two  pairs  of  fine  needlelike  structures;  within  one 
pair  of  needles  are  two  canals,  one  of  which  is  the  salivary  ejection 
canal  and  the  other  the  suction  canal.  When  the  aphid  feeds  on  a 
leaf  the  two  needles  enter  the  leaf  tissue,  the  saliva  is  ejected  through 
one  canal  into  the  plant  and  a  mixture  of  sap  and  saliva  is  sucked  up 
through  the  other  canal.  When  an  aphid  which  previously  had  been 
feeding  on  a  virus-infected  plant  feeds  on  a  healthy  one,  it  ejects 
saliva  containing  the  virus  into  the  plant  tissue  and  infection  results. 
A  few  of  the  potato  viruses  are  transmitted  by  leafhoppers,  which  also 
are  sucking  insects.  Yellow  dwarf  virus  is  transmitted  by  the  clover 
leafhopper  (Aceratagallia  sanguinolenta  (Prov.)).  The  purple-top  wilt 
virus,  which  is  the  same  as  that  causing  aster  yellows,  is  transmitted 
by  the  six-spotted  leafhopper  (Macrosteles  divisus  (Uhl.)). 

Because  aphids  are  mainly  responsible  for  spreading  the  most 
common  potato  viruses,  such  as  the  mosaics  and  leaf  roll,  it  would  be 
reasonable  to  assume  that  the  application  of  an  insecticide  such  as 
nicotine  sulfate  should  be  effective  as  a  means  of  control  by  killing 
the  vectors,  or  carriers,  of  viruses.  All  experimental  evidence  so  far 
has  indicated  that  it  is  not  effective.  The  reason  may  be  that  all 
aphids  are  not  killed  by  an  application  of  any  insecticide  now  known 
and  the  ones  remaining  alive  are  disturbed  and  migrate  to  other 
plants  where  they  cause  additional  infection.  After  fields  are  sprayed, 
aphids  may  move  onto  the  plants  again  from  adjoining  fields.  Ade- 
quate information  is  not  yet  available  on  the  effectiveness  of  the  newer 
sprays  such  as  DDT  in  reducing  spread  of  viruses. 

If  an  insect  transmits  a  virus  early  in  the  season,  the  plant  and  all 
its  tubers  become  infected.  If  transmission  takes  place  later  in  the 
season  only  part  of  the  tubers  may  become  infected  because  the  virus 
is  unable  to  penetrate  all  parts  of  the  plant  before  it  matures.  For 
the  same  reason,  occasionally  the  stem  end  of  a  tuber  is  infected  and 
the  bud  end  is  healthy.  This  is  one  of  the  reasons  why  tuber  indexing 
does  not  always  eliminate  virus  diseases. 

Early  harvesting  of  seed  potatoes,  described  on  page  9,  provides 
for  digging  potatoes  before  the  virus  of  a  current  infection  has  moved 
into  the  tubers. 

Generally  there  are  no  reliable  direct  indications  of  virus  diseases 
in  the  tubers.     With  few  exceptions  their  presence  can  be  determined 
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only  by  an  examination  of  the  growing  plants.  The  main  exceptions 
are  early  infections  by  the  spindle  tuber  and  witches '-broom  viruses, 
which  result  in  the  production  of  small  or  abnormally  shaped  tubers. 
Net  necrosis  is  a  symptom  of  witches'-broom  and  also  of  current- 
season  infections  of  leaf  roll  in  some  varieties.  Plants  affected  with 
yellow  dwarf  often  produce  small,  misshapen  tubers,  which  in  cross 
section  show  small,  necrotic  areas  scattered  throughout  the  flesh. 
Ordinarily,  viruses  except  that  of  spindle  tuber  are  not  transmitted 
by  the  seed-cutting  knife. 

Maximum  yields  of  potatoes  are  favored  by  relatively  cool  seasons 
and  ample  soil  moisture.  When  there  is  a  deficiency  of  moisture, 
plants  infected  with  virus  diseases  mature  earlier  than  normally  and 
there  is  a  corresponding  reduction  in  yield.  For  this  reason  it  is  not 
possible  to  make  a  definite  statement  that  a  given  percentage  of 
disease  in  the  seed  stock  will  result  in  a  given  reduction  in  yield. 
Under  favorable  growing  conditions  no  appreciable  reduction  in  yield 
may  be  evident  if  as  much  as  25  percent  of  the  plants  are  infected 
with  virus  diseases.  This  is  partly  due  to  the  fact  that  plants  adjoin- 
ing diseased  plants  have  more  room  and  nutrients  available,  and  the 
increase  in  yield  of  adjoining  hills  partly  compensates  for  the  reduction 
in  yield  of  virus-infected  plants.  In  other  less  favorable  seasons, 
a  10-percent  infection  may  cause  a  significant  decrease  in  yield.  It 
must  be  kept  in  mind  also  that  reduction  in  yield  is  not  the  only 
criterion  of  damage  from  virus  diseases.  Under  conditions  favorable 
for  current-season  infection  by  the  leaf  roll  virus,  net  necrosis  may 
seriously  affect  the  market  quality  of  susceptible  varieties,  such  as 
Green  Mountain  and  Irish  Cobbler. 

Most  virus  diseases  reduce  the  growth  of  the  affected  plants  to 
approximately  a  given  proportion  of  that  of  normal  plants,  and  the 
level  remains  rather  constant.  For  instance,  mild  mosaic  causes 
yields  to  be  approximately  one-fourth  below  normal.  This  disease 
has  been  carried  in  potato  cultures  for  more  than  two  decades,  and 
the  performance  is  still  the  same  as  it  was  at  the  beginning  of  the  test. 

The  term  "running  out"  has  often  been  used  in  connection  with 
the  reduced  performance  of  stocks  of  potatoes  that  are  affected  with 
virus  diseases.  As  a  matter  of  fact,  it  has  never  been  demonstrated 
that  any  stock  will  run  out  without  the  presence  of  some  definite 
systemic  weakening  influence  that  is  reducing  the  vigor  of  the  indi- 
vidual plants.  Stocks  of  potatoes  as  a  class  do  not  run  out;  only 
individual  plants  do  so.  Specific  infection  by  a  definite  virus  disease 
is  the  most  potent  known  factor  in  causing  running  out  of  potatoes. 

When  all  potato  plants  in  a  field  are  infected  with  a  virus  disease 
the  reduction  in  yield  is  rather  high.  The  reduction  also  varies,  of 
course,  with  locality  and  season,  but  on  an  average  mild  mosaic  will 
reduce  the  yield  25  percent,  rugose  mosaic  50  percent,  leaf  roll  55 
percent,  and  spindle  tuber  60  percent.  Even  though  a  comparatively 
low  percentage  of  infection  does  not  appreciably  reduce  yield,  the 
grower  should  try  to  reduce  the  percentage  of  infection  to  an  absolute 
minimum.  Since  virus  diseases  spread  rapidly,  lack  of  adequate 
control  practices  would  soon  result  in  a  100-percent  infection  of  a 
potato  field.  If  more  than  10  percent  of  the  stock  is  affected  with  a 
virus  disease,  it  is  difficult  to  reduce  the  amount  by  field-plot  methods. 

The  prevention  and  reduction  of  spread  of  virus  diseases  are  de- 
scribed in  detail  on  page  49. 
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Latent  Mosaic 

All  of  the  old  commercial  varieties  of  potatoes  grown  in  the  United 
States  and  most  of  those  grown  in  Europe  are  uniformly  infected 
with  virus  X,  which  causes  a  disease  known  as  latent  mosaic.  It  is 
practically  impossible  to  diagnose  latent  mosaic  in  many  varieties 
because  the  symptoms  are  masked  and  the  plants  appear  healthy. 
By  commercial  standards  these  varieties  are  healthy,  but  by  scien- 
tific standards  they  are  diseased.  Latent  mosaic  is  caused  by  several 
strains  of  virus  X  which  are  distinguished  by  the  severity  of  the  host 
reaction.  Weak  virus  X  is  so-called  because  it  infects  jimsonweed 
(Datura  stramonium)  without  producing  symptoms,  whereas  com- 
mon virus  X  induces  distinct  mottling,  or  a  typical  mosaic.  The 
common  latent  mosaic  also  causes  a  greater  reduction  in  yield  of 
potatoes.  Tests  in  Maine  showed  that  the  Green  Mountain  seed- 
ling infected  with  weak  latent  mosaic  outyielded  by  10  percent  the 
Green  Mountain  infected  with  common  latent  mosaic.  The  com- 
mon latent  mosaic  reduces  the  yield  about  20  percent. 

Little  is  known  about  the  transmission  of  this  virus  in  the  field. 
Experiments  have  failed  to  reveal  any  insect  capable  of  transmitting 
it,  but  possibly  it  is  insect- transmissible.  It  is  very  infectious  and 
is  readily  transmitted  by  contact  between  the  foliage  of  infected  and 
healthy  plants. 

Although  the  latent  mosaic  virus  is  carried  over  in  the  tuber,  it  is 
not  carried  over  in  the  true  seed.  New  varieties  developed  from 
seed  by  the  United  States  Department  of  Agriculture  and  the  State 
agricultural  experiment  stations  were  originally  free  from  this  virus. 
Some  of  these,  introduced  as  commercial  varieties,  have  since  been 
exposed  to  infection.  As  a  result  many  of  them  have  been  infected. 
To  keep  new  varieties  free  from  virus  X  they  must  be  grown  in  iso- 
lated fields,  because  susceptible  varieties  contact  latent  mosaic  by 
foliage  contact  with  diseased  plants.  A  seedling  of  the  Green  Moun- 
tain variety,  which  is  very  easily  infected  with  the  virus  X,  has  been 
maintained  free  from  virus  for  several  years  at  the  Maine  Agricul- 
tural Experiment  Station.  When  healthy  plants  of  the  same  variety 
were  grown  in  contact  with  potatoes  infected  with  latent  mosaic,  30 
to  40  percent  contracted  this  disease  during  one  season. 

RECOMMENDATIONS  FOR  CONTROL 

Potato  varieties  differ  in  resistance  to  the  latent  mosaic  virus. 
Some  of  the  new  varieties  become  infected  very  easily;  others  rarely 
become  infected;  and  still  others  are  immune.  A  number  in  the  last 
group  also  possess  other  desirable  characters.  Such  immune  varieties 
will  greatly  facilitate  control  of  latent  mosaic. 

Mild  Mosaic 

Although  mild  mosaic  does  not  cause  a  high  reduction  in  yield  of 
affected  plants,  it  must  be  considered  as  one  of  the  important  potato 
virus  diseases  because  of  its  wide  distribution. 

Mild  mosaic  can  be  recognized  by  a  mottling  in  the  leaf,  in  which 
yellowish  or  light-colored  areas  alternate  with  the  normal  green;  the 
mottling  is  accompanied  by  a  slight  crinkling.     These  mottled  areas 
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are  variable  in  size  and  arc  not  limited  by  the  veins  of  the  leal  as  in 
rugose  mosaic  (fig.  26).  Diseased  plants  droop  and  die  prematurely, 
especially  during  hot,  dry  weather. 

Mosaic  mottling  is  modified  by  climatic  conditions.  During  cool 
weather  distinct  and  clear-cut  symptoms  occur  on  the  foliage,  whereas 
under  high  temperatures  the  symptoms  disappear.  In  the  northern 
seed-growing  sections  mottling  is  usually  more  distinct  during  the 
early  part  of  the  season.  This  provides  ideal  conditions  for  detection 
and  removal  of  diseased  plants  before  aphids  have  had  an  opportunity 
to  spread  the  disease.  During  midseason  and  late  season,  symptoms 
of  (lie  disease  may  show  in  the  top  leaves  of  plants  because  infection 
occurred  early  in  flic  current  season  when  aphids  transmitted  the 
virus  from  diseased  to  healthy  plants.  If  these  plants  are  not  re- 
moved, all  or  part  of  their  tubers  would  give  rise  to  diseased  plants. 


Kigijki:  26.  —  Leaflets  from  a  Green  Mountain  potato  plant  infected  with 
mild  mosaic.  Note  thai  the  yellow  patches  do  not  follow  the  veins 
but  arc  interspersed  in  the  normal  green  of  the  leaves. 

RECOMMENDATIONS  FOR  CONTROL 

The  only  way  in  which  mild  mosaic  can  be  avoided  is  to  plant 
tubers  from  healthy  plants.  This  is  best  accomplished  in  the  isolated 
seed  plot  where  the  seed  pieces  are  planted  in  tuber  units  and  any 
unit  that  shows  the  disease  is  removed.  The  Katahdin,  Chippewa, 
Houma,  Scbago,  and  Earlaine  varieties  do  not  contract  the  disease 
in  the  field.  They  are  not  absolutely  immune,  however,  since  the 
virus  can  be  transmitted  to  them  experimentally  by  grafting;  but  for 
practical  purposes  these  varieties  are  as  valuable  as  if  they  were 
absolutely  immune. 
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Rugose  Mosaic 

Rugose  mosaic,  a  more  serious  disease  than  mild  mosaic,  is  entirely 
distinct  from  it.  Its  symptom  pattern  is  a  distinct  mosaic  that  differs 
from  that  of  mild  mosaic  in  that  the  mottled  areas  are  smaller1,  more 
numerous,  and  closer  to  the  main  veins.    Although  high  temperature 

will  mask  the  mottling,  the  disease  can  always  he  identified  by  the 
crinkling  and  rugosity  of  the  leaves.  The  veins  of  the  lower  leaves 
often  show  necrotic  areas  as  black  pencillike  lines  and  have  a  tendency 
to  be  somewhat  brittle.  As  a  rule  affected  plants  become  considerably 
stunted  and  die  much  earlier  than  the  healthy  ones. 

Kugose  mosaic  is  spread  in  the  field  to  other  plants  by  aphids. 
From  2  to  3  weeks  after  infection  has  taken  place,  current-season 
symptoms  appear  as  small,  dead,  angular  patches  on  the  leaves,  a 
burning  and  a  discoloration  of  the  leaf  veins,  brittleness,  leaf  dropping, 
and  premature  death.  At  first  these  symptoms  may  appear  only  on  a 
single  shoot  in  a  hill;  later  in  the  season  other  shoots  in  the  same  hill 
may  show  these  symptoms  (fig.  27 J.  Before  it  was  recognized  that 
these  symptoms  were  caused  by  infection  of  healthy  plants  with  the 
rugose  mosaic  virus  during  the  current  season,  this  trouble  was  known 
as  streak.  When  tubers  from  such  plants  are  planted,  they  give  rise 
to  plants  with  typical  rugose;  mosaic. 

RECOMMENDATIONS  FOR  CONTROL 

Rugose  mosaic  is  subject  to  control  by  rigid  roguing.  Careful 
roguing  even  in  mass-planted,  isolated  seed  plots  will  reduce  the  amount 


Figure  27. — Potato  plant  showing   current-season   symptoms  of  rugose 

mosaic.      Tubers  from  affected  plants  will  produce  typical  rugose  mosaic 


plants. 
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of  disease  in  the  seed  stock,  but  tuber-unit  roguing  will  give  control 
and  practically  eliminate  the  disease  much  more  easily  and  in  a  shorter 
time.  The  characteristic  symptoms  of  the  disease  can  be  recognized 
by  the  time  the  plants  are  2  to  3  inches  high.  To  be  effective,  the 
roguing  must  be  started  early  and  must  be  repeated  often,  preferably 
about  once  a  week  in  the  early  part  of  the  season.  Up  to  the  present 
time  no  potato  variety  has  been  found  resistant  to  this  disease. 

Leaf  Roll 

Leaf  roll  is  widely  distributed  and  spreads  very  rapidly  during 
seasons  when  aphids  are  abundant  and  conditions  for  spread  are 
favorable.  Seed  stock  from  a  field  of  healthy  plants  grown  in  the 
vicinity  of  fields  infected  with  leaf  roll  may  produce  plants  of  which 
70  to  80  percent  are  infected  with  leaf  roll  the  following  year. 

Leaf  roll  is  characterized  by  the  upward  rolling  of  the  leaflets 
lengthwise  so  that  the  midrib  remains  at  the  middle  of  the  trough  thus 
formed.  The  young  plants  show  rolling  first  of  the  lower  leaves  and 
then  of  progressively  higher  ones  until  all  may  be  rolled.  Other 
symptoms  include  dwarfing,  rigidity,  leathery  texture,  chlorosis, 
reddish  or  purplish  discoloration  of  the  affected  leaves,  and  reduction 
in  the  number  and  size  of  the  tubers  (fig.  28). 

If  plants  become  infected  during  the  current  season,  they  may  show 
rolling  only  in  the  upper  leaves.  If  infection  takes  place  early  enough, 
eventually  all  the  leaves  will  show  rolling. 

In  certain  varieties  another  symptom  of  current-season  infection 
is  net  necrosis   (fig.  29).     This  consists  of  small,  brown  strands  of 


Figure  28. — Burbank  potato  plant  affected  with  leaf  roll.  Note 
rolling  is  particularly  prominent  in  the  lower  leaves,  although 
evident  also  in  the  upper  ones. 


that 
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Figure  29. — Potato  tuber  cut  to  show  net  necrosis,  which  is  due  to  current- 
season  infection  of  leaf  roll  in  some  varieties.  (By  courtesy  of  the 
Maine  Agricultural  Experiment  Station.) 

discolored  tissue  sometimes  limited  to  a  small  portion  of  a  tuber  and 
sometimes  extending  throughout  the  interior  of  the  potato  tissue  at 
the  stem  end.  The  varieties  Green  Mountain  and  Irish  Cobbler 
develop  net  necrosis  readily,  whereas  some  of  the  newer  varieties 
such  as  Katahdin,  Sequoia,  and  Chippewa  remain  practically  free 
from  net  necrosis  even  with  an  appreciable  increase  in  spread  of  leaf 
roll. 

RECOMMENDATIONS  FOR  CONTROL 

Roguing  in  isolated  tuber-unit  plots  gives  good  control  of  leaf  roll, 
but  it  has  to  be  done  rigidly  and  efficiently.  In  sections  where  aphids 
are  apt  to  be  abundant  late  in  the  season,  early  harvesting  is  desirable 
(p.  9). 

Spindle  Tuber 

Spindle  tuber  is  not  as  widely  distributed  as  many  other  virus 
diseases  of  potato,  but  in  sections  where  it  occurs  it  may  spread 
rapidly. 

The  name  "spindle  tuber"  originated  from  the  shape  of  the  tubers 
produced  by  diseased  plants.  In  most  varieties  the  tubers  become 
elongated  and  pointed  at  one  end  or  both.  In  some  of  the  round 
varieties,  such  as  Triumph  and  Irish  Cobbler,  the  tubers  are  elon- 
gated but  not  pointed  at  the  end,  tending  to  be  blocky  cylindrical  in 
shape.  Diseased  Triumph  tubers  are  lighter  red  than  the  healthy 
ones  and  have  a  tendency  to  be  longer  than  normal  ones.  Long 
tubers  become   especially  spindling  and  pointed   at   the  stem   end. 
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Shallowness  of  eyes  and  increase  in  their  number  are  characteristic 
of  this  disease  (fig.  30). 

In  affected  plants  the  most  prominent  symptoms  are  erect,  some- 
what spindly  growth,  stunted  size,  and  generally  a  noticeably  darker 
green  foliage  than  normal  plants.  The  leaves  usually  are  set  at  an 
acute  angle  with  the  stem  and  do  not  curve  outward  like  normal 
ones.  This  gives  the  plant  an  appearance  of  standing  erect.  The 
erectness  and  the  tendency  to  reduced  growth  make  the  diseased 
plants  conspicuous  when  the  symptoms  are  prominently  developed. 
This  disease  is  most  prominent  when  the  plants  are  grown  with  high 
soil  moisture  at  high  temperatures;  the  symptoms  are  considerably 
masked  at  low  temperatures.  For  this  reason  the  disease  often  can- 
not be  detected  as  early  in  the  season  as  some  of  the  other  virus 
diseases. 

RECOMMENDATIONS  FOR  CONTROL 

Since  it  is  sometimes  difficult  to  recognize  spindle  tuber  in  all 
affected  individual  plants  in  a  mass  plot,  roguing  tuber-unit  seed 
plots  is  particularly  desirable  for  control.  The  disease  is  transmitted 
to  some  extent  by  the  seed-cutting  knife.  In  lots  containing  spindle 
tuber,  it  is  desirable  to  disinfect  the  knife  by  dipping  it  in  alcohol 
and  flaming  it  after  cutting  each  tuber  and  then  to  place  the  cut 
pieces  from  each  tuber  in  a  separate  paper  bag  or  other  container. 
When  the  stock  is  to  be  planted  in  tuber  units,  use  of  bags  can  be 
avoided  by  not  cutting  all  the  way  through  the  tuber.  This  keeps 
the  pieces  together  until  they  are  broken  loose  at  planting. 
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Figure  30. — Green  Mountain  potato  tubers  affected  with  spindle  tuber. 
Note  that  affected  potatoes  are  elongated  and  more  pointed  at  the  stem 
end  than  are  normal  ones. 
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Witches  '  -Broom 

Witches '-broom  seems  to  be  confined  primarily  to  some  of  the 
Northwestern  States.  Affected  tubers  when  planted  may  produce 
numerous  slender,  spindling  sprouts,  none  of  which  succeeds  in  pro- 
ducing a  large  plant  or  any  appreciable  yield.  The  effect  is  some- 
times so  extreme  that  the  plant  loses  its  resemblance  to  a  potato. 
Usually  the  leaves  are  small,  rounded,  and  somewhat  velvety  in 
appearance,  owing  partly  to  the  prominence  of  the  leaf  hairs  (fig.  31). 


Figure  31. — A,  Triumph  potato  plant  affected  with  witches '-broom;  B, 
healthy  plant  of  the  same  variety.  The  affected  plant  is  typical  of 
plants  grown  from  infected  tubers. 


The  interiors  of  some  affected  tubers  show  a  netlike  discoloration  of 
the  vascular  elements.  The  outstanding  effects  on  the  tubers  are  a 
great  increase  in  the  number  produced  and  an  extreme  reduction  in 
their  size.  It  is  not  unusual  to  find  about  200  tubers  on  a  single 
plant,  none  of  which  is  of  marketable  size. 

The  way  in  which  this  disease  spreads  from  plant  to  plant  in  the 
field  is  not  known.  It  is  assumed  that  it  may  be  spread  by  some 
insect,  but  all  tests  to  determine  this  have  been  negative. 

Affected  tubers  in  storage  often  send  out  numerous  spindly  sprouts. 
These  tubers  should  always  be  eliminated  from  the  seed  stock.  Good 
seed,  however,  cannot  be  picked  out,  and  this  disease  cannot  be 
avoided  merely  by  selecting  hills  having  good  yields  of  tubers.  If 
plants  become  infected  late  in  the  season,  they  may  give  large  yields 
of  well-shaped  tubers  that  differ  little  if  any  in  appearance  from  those 
of  normal  plants.  If  these  tubers  are  grown  the  following  year,  the 
results  may  be  disastrous.  Witches'-broom  should  be  coDsidered 
decidedly  serious  when  present  in  any  appreciable  amount. 
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RECOMMENDATIONS  FOR  CONTROL 

The  most  effective  method  for  the  control  of  witehes'-broom  is  a 
combination  of  roguing  and  the  selection  of  tubers  from  plants  with 
strong  normal  sprouts. 

Yellow  Dwarf 

Yellow  dwarf  has  been  reported  from  some  of  the  Eastern  and  Mid- 
western States,  but  as  yet  it  has  not  been  found  in  the  Pacific  North- 
west. The  foliage  of  affected  plants  takes  on  a  yellowish-green  color, 
and  the  upper  surface  of  the  leaves  becomes  slightly  rugose  (fig.  32). 
Dying  from  the  tip  downward  is  characteristic,  but  under  some  con- 
ditions this  symptom  may  be  absent.  High  temperature  and  low 
humidity  tend  to  hasten  the  death  of  infected  plants.  Rust-colored 
to  brown  spots  are  common  in  the  pith  of  the  stem.  They  appear 
shortly  after  the  yellowing  of  the  foliage  and  eventually  may  extend 
the  entire  length  of  the  main  stem.  In  warm  soil  seed  pieces  from 
infected  tubers  often  fail  to  germinate;  others  produce  shoots  that 
die  before  they  reach  the  surface. 

The  effect  of  yellow  dwarf  on  the  tubers  varies.  Infected  plants 
often  produce  small,  misshapen  tubers,  which  in  cross  section  show 
small  necrotic  areas  scattered  throughout  the  flesh  (fig.  33).  Growth 
cracks  are  common,  but  these  are  also  characteristic  of  certain  other 
diseases. 

Experiments  conducted  in  New  York  State  have  shown  that  yellow 
dwarf  can  be  transmitted  by  the  clover  leafhopper  (Aceratagallia 
sanguinolenta) .  This  insect  retains  the  virus  during  the  winter  and 
infects  healthy  plants  in  the  spring. 


Figure  32. — Irish  Cobbler  potato  plant  that  became  infected  with  yellow 
dwarf  early  in  the  season.  Most  of  the  leaves  show  rugosity,  upward 
rolling  of  margins,  and  downward  curving  of  the  longitudinal  axis. 
(By  courtesy  of  the  Wisconsin  Agricultural  Experiment  Station.) 
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RECOMMENDATIONS  FOR  CONTROL 

No  control  measure  for  yellow  dwarf  is  known  except  the  planting 
of  disease-free  seed.  As  the  clover  leafhopper  transmits  the  disease, 
it  may  be  desirable  to  plant  potatoes  some  distance  from  clover 
fields.  Experiments  in  Wisconsin  have  shown  that  the  Russet 
variety  is  very  susceptible  and  that  the  Sebago  has  high  resistance  in 
the  field. 


Figure  33. — Potato  tuber  affected  with  yellow  dwarf,  sliced  to  show  the 
necrosis  in  small  areas  throughout  the  pith  and  internal  phloem.  (By 
courtesy  of  the  Wisconsin  Agricultural  Experiment  Station.) 

Haywire 

Haywire  has  been  found  iu  a  number  of  the  Mountain  States. 
Generally  it  is  not  important,  but  the  affected  plants  are  very  notice- 
able. This  disease  is  believed  to  be  of  virus  origin  because  apparently 
it  is  transmitted  to  healthy  potato  plants  by  the  inarch  method  of 
grafting.  According  to  reports  abnormal  plants  affected  with  hay- 
wire have  been  observed  for  at  least  15  years,  but  until  the  last  8 
or  10  years  such  plants  have  not  occurred  in  numbers  large  enough  to 
cause  any  great  concern.  The  disease  is  characterized  by  late  emer- 
gence or  missing  hills;  sometimes  the  dormant  seed  pieces  produce 
sprout  tubers.  The  plants  are  severely  dwarfed  (fig.  34)  and  have  a 
rosette  appearance  due  to  the  cessation  of  terminal  growth,  a  shorten- 
ing of  the  internodes,  and  an  increase  in  the  number  and  development 
of  axillary  shoots.  The  leaflets  are  usually  rugose,  erect,  stiff,  rolled, 
pointed,  and  slightly  yellowish;  often  they  have  a  purple  coloration 
at  the  tips  and  margins.  Petioles  and  stems  may  show  swellings  at 
the  nodes  with  a  red  or  purple  pigmentation.  Sometimes  aerial 
tubers  are  formed  in  the  leaf  axils.  Tubers  are  few  and  set  close  to 
the  stem  or  are  lacking  altogether. 
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Figure  34. — A  Triumph  potato  plant  affected  with  haywire.  Note  that 
the  plant  is  dwarfed,  erect,  and  stiff  and  the  terminal  leaves  are  chlo- 
rotic. 

RECOMMENDATIONS  FOR  CONTROL 

Although  no  definite  evidence  is  available,  it  appears  that  haywire 
may  be  transmitted  by  some  insect.  Infected  plants  should  therefore 
be  removed  from  the  field. 

Calico 

Calico  is  not  very  common,  and  the  yields  of  infected  plants  are  not 
greatly  reduced.  The  disease  is  characterized  by  the  occurrence  of 
large,  irregular,  yellow  to  cream-colored  spots  on  the  leaves.  In 
some  cases  as  much  as  70  percent  of  the  leaf  surface  may  lack  chloro- 
phyll; again  only  occasional  leaves  may  show  a  few  spots.  Generally, 
however,  the  spots  are  numerous  and  well-distributed  over  the  plant. 
The  disease  appears  to  be  systemic,  as  generally  all  the  tubers  from 
an  infected  hill  will  give  rise  to  the  same  condition. 

RECOMMENDATIONS  FOR  CONTROL 

Calico  can  be  controlled  by  roguing  affected  plants  during  the  grow- 
ing season. 

Purple-Top  Wilt 

Purple-top  wilt  has  been  known  under  different  names  for  at  least 
30  years,  but  not  until  recently  was  it  determined  that  the  cause  was 
a  virus  transmitted  by  the  six-spotted  leafhopper  (Alacrosteles  divisus) 
from  asters  and  other  hosts  of  aster  yellows. 
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Symptoms  on  the  potato  plant  may  vary  somewhat,  depending 
upon  the  varieties  infected.  On  the  vines  of  Rural  New  Yorker  No. 
2,  Katahdin,  Sebago,  and  Mesaba  the  appearance  of  a  purple  color 
at  the  base  of  the  leaflets  is  characteristic.  Leaflets  on  infected 
plants  of  the  Warba,  Earlaine,  and  Chippewa  show  a  faint  purpling, 
whereas  those  of  Green  Mountain,  Houma,  and  Sequoia  become  yel- 
low. In  varieties  in  which  the  purple  color  is  generally  increased  in 
intense  light,  pigmentation  is  characteristic.  Pigmentation  is  gen- 
erally also  evident  in  the  stems  of  diseased  plants,  especially  those  of 
the  variety  Rural  New  Yorker  No.  2. 

Except  for  the  degree  and  type  of  coloration,  the  symptoms  on  all 
varieties  are  similar.  The  young  leaves  do  not  enlarge  normally,  and 
the  leaflets  roll  upward.  The  most  pronounced  rolling  occurs  at  the 
base  of  the  leaflets.  An  abnormal  number  of  axillary  shoots  develop ; 
these  become  swollen  at  the  base  and  often  form  distinct  aerial  tubers 
(fig.  35).  The  vascular  tissue  of  the  stem  turns  brown  at  the  time 
foliage  symptoms  appear.  The  brown  bundles  may  extend  only  a 
few  inches  above  ground,  but  usually  they  extend  well  into  the  stolons. 


Figure  35. — Shoots  of  the  Chippewa  variety  of  potato  affected  with 
purple-top  wilt.  Some  of  the  leaves  were  removed  to  show  swollen 
stems  of  the  axillary  shoots.  (By  courtesy  of  the  West  Virginia 
Agricultural  Experiment  Station.) 
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The  roots  of  wilted  plants  are  completely  necrotic.  Necrotic  flecks 
are  often  present  in  the  pith  of  the  lower  part  of  the  stem.  An  af- 
fected plant  generally  wilts  within  2  weeks  after  symptoms  appear, 
and  death  may  soon  occur.  An  internal  necrosis  of  tubers  extending 
from  the  stem  end  is  characteristic  of  the  disease  on  Rural  New 
Yorker  No.  2  in  West  Virginia,  but  may  be  absent  on  this  and  other 
varieties  in  other  sections.  Occasionally  tubers  from  infected  plants 
are  flabby. 

Purple-top  wilt  is  not  transmitted  through  the  tubers,  but  the 
tuber  progenies  of  plants  affected  with  the  disease  are  much  less 
vigorous  than  those  of  healthy  plants. 

RECOMMENDATIONS  FOR  CONTROL 

No  effective  control  of  purple-top  wilt  is  known. 
Psyllid  Yellows 

Psyllid  yellows  is  induced  by  some  toxic  substance  injected  into 
the  plant  during  the  feeding  of  the  nymph  of  an  insect  known  as  the 
potato,  or  tomato,  psyllid  (Paratrioza  cocker elli  (Sulc)).  Although 
this  disease  is  not  due  to  a  virus,  it  is  systemic  in  nature  and  results 
in  a  complete  upsetting  of  the  form  and  physiology  of  the  entire 
plant.  It  is  known  to  occur  in  the  Western  States  and  is  especially 
serious  in  some  parts  of  Colorado,  Utah,  and  New  Mexico.  During 
certain  years  it  has  caused  severe  damage  in  Nebraska,  Wyoming, 
and  Montana. 

The  first  symptoms  are  marginal  yellowing  and  an  upward  rolling 
of  the  basal  portion  of  the  smaller  leaflets  on  the  young  leaves.  Under 
field  conditions,  especially  when  diseased  plants  are  exposed  to  intense 
sunlight,  the  basal  rolling  or  cupping  of  the  young  leaves  in  all  varieties 
observed  becomes  very  pronounced.  The  rolled  positions  of  the  leaf, 
and  frequently  other  portions,  assume  a  distinctly  reddish  or  purplish 
color.  The  older  leaves  of  diseased  plants  roll  upward  over  the  midrib 
and  become  yellow.  Brown  necrotic  areas  develop,  bringing  about 
the  early  death  of  the  entire  leaf.  Buds  above  and  below  the  ground 
are  stimulated  into  activity.  Above  ground  the  axillary  buds  may 
develop  into  stocky  shoots  that  frequently  branch;  when  fully  de- 
veloped, they  give  the  plant  a  compact  and  pyramidal  shape  (fig.  36). 
In  some  cases  the  axillary  buds  develop  into  aerial  tubers  along  the 
entire  stem  or  produce  short  leafy  shoots  with  rosettes  of  small  leaves, 
which  may  become  bright  yellow  in  advanced  stages  of  the  disease. 
Several  tubers  may  develop  along  a  single  stolon  and  numerous  small 
potatoes  may  result. 

When  psyllid  yellows  attacks  a  plant  after  tuber  formation  is  well 
advanced,  its  effects  on  yield  are  not  so  serious  as  when  it  attacks  a 
plant  before  tuber  formation  has  been  initiated  or  during  its  early 
stages.  Tubers  that  have  set  show  severe  symptoms  of  the  disease; 
those  that  have  not  started  to  set  are  inhibited. 

RECOMMENDATIONS  FOR  CONTROL 

Spraying  potato  plants  with  lime-sulfur-zmc-arsenite  has  given 
excellent  control  of  psyllids  as  well  as  flea  beetles  (p.  42) .  The  formula 
consists  of  iy4  gallons  liquid  lime-sulfur   (32°  Baume),  2%  pounds  of 
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zinc  arsenite,  and  50  gallons  of  water.  The  solution  is  applied  at  350 
pounds'  pressure  with  three  nozzles  to  the  row.  It  is  advisable  to 
stagger  the.  lower  nozzles  to  get  a  tipping  and  swirling  action,  which 
gives  better  coverage  of  the  lower  leaves.  Growers  are  advised  to 
make  two  or  more  applications:  the  first  when  the  plants  are  6  to  8 
inches  high  and  the  others  at  intervals  of  10  days  to  2  weeks.  No 
variety  is  known  to  be  resistant  to  psyllid  yellows,  but  there  is  con- 
siderable variation  in  the  amount  of  injury  on  different  varieties.  (See 
warning,  p.  14.) 


B 


a 


Figure  36. — Irish  Cobbler  potato  plants.  A,  Plant  showing  pyramidal 
shape  characteristic  of  psyllid  yellows  and  secondary  growth  of  curled 
leaves  at  tips  of  branches.  The  older  leaves  roll  upward  and  finally  die. 
jB,  a,  Plant  infected  with  psyllid  yellows;  6,  healthy  plant.  In  the 
axils  of  the  leaves  leaf  rolling  is  pronounced,  and  there  are  aerial  tubers. 
The  disease  was  produced  by  placing  50  nymphs  of  Paratrioza  cockerelli 
on  a  plant  under  a  celluloid  cage. 
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The  disease  is  not  carried  over  in  the  tuber,  but  plants  grown  from 
infected  tubers  are  generally  weakened. 

Spindling  Sprout  (Hair  Sprout) 

Spindling  sprout,  or  hair  sprout,  is  characterized  by  abnormally 
slender   and  feeble  sprouts   (fig.   37).     It  indicates   a  constitutional 


Figure  37. — A,  White  Rose  potato  tuber  kept  in  storage  for  12  months, 
showing  spindling  sprout;  B,  healthy  control  tuber. 

weakness  of  a  tuber  which  may  or  may  not  be  associated  with  the 
presence  of  other  specific  diseases. 

When  the  disease  is  nontransmissible,  some  of  the  sprouts  have  a 
diameter  about  a  half  to  a  quarter  of  those  of  normal  ones.  When 
seed  pieces  bearing  them  are  planted,  the  resulting  plants  develop 
small  tubers  weighing  an  ounce  or  less.  When  these  tubers  are  planted 
the  following  season,  however,  they  again  form  stocky  shoots  and 
develop  normal  tubers.  This  shows  that  the  effect  of  the  spindle 
sprout  due  to  a  nonparasitic  physiological  condition  affects  the  yield 
and  size  of  potatoes  for  only  one  season. 

Spindling  sprouts  similar  in  appearance  may  be  a  symptom  of 
witches '-broom  or  leaf  roll.  This  type  of  the  disease  is  due  to  a  virus 
and  does  not  recover.  It  should  not  be  confused  with  the  physio- 
logical nontransmissible  type  of  spindling  sprout. 

RECOMMENDATIONS    FOR    CONTROL 

Presprouting  has  been  recommended  as  a  method  to  determine 
whether  or  not  spindling  sprout  is  present  in  seed  lots  coming  from 
places  where  this  trouble  has  been  present  in  the  past. 
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